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NOTE 



Methods of estimating costs and evaluating the 
costs effectiveness of land-application systems 
are being developed in a separate document, 
entitled, Teclyiical Bulletin, Costs of Wastewater 
Treatment by Land Application Systems, No- 
EPA*430/9-75-003, which will become available 
later in 1975 



ABSTRACT 



Procedures are set forth to assist EPA personnel in evaluating treatment 
systems that employ land application of municipal wastewater « In addition, 
information and assistance is provided which may be of value to other federal^ 
state, and local agencies, the wastewater industry, consultants and designers. 
However, it is not intended that the bulletin be used as a comprehensive 
design manual. 

The bulletin consists of an Evaluation Checklist and parallel background 
information and is divided into three major parts dealing with: (1) facilities 
plans ^ (2) design plans and specifications, and (3) operation and maintenance 
manuals. 

The focus of Part I is on the thorough evaluation of land-application altema^ 
tives and the preparation of a detailed facilities plan: A number of interrelated 
considerations are addressed, including: evaluation of potential sites, 
evaluation of land-application alternatives » design considerations^ and 
environmental factors. 

Procedures for evaluating design plans and specifications are described in 
Part II, with emphasis being placed on agreement with the facili^es plans 
and the requirement for basing the review of the design on conditions present 
at the particular site. Sample design criteria listings are included in the 
appendix. 

In Part III, extensive reference is made to the EPA publication Considerations - 
for Preparation of Operation and Maintenance Manuals , Special consideration^ 
for land -application systems are presented with respect to operating procedures, 
monitoring requirements, and iifipact control. 

This report is submitted in partial fulfillment of Contract 68-01-0966 by 
Metcalf & Eddy, fiic. , Western Regional Office, under the sponsorship of the 
Environmental Protection Agency, Work was completed as of September 1974. 
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FOREWORD 



Thfs technical bulletin is published pursuant to certain sections of tbe Federal Water Pollution 
Control Act Amendments of 1972, Public Law 92-500. enacted on October 18. 1972. The 1972 . 
Ameodmentft require the publication of information that ^vill encourage \^ste treatment manage^ 
ment ^vhich results in facilities for (I) the recjK^llng of potential sewage pollutants through the 
production of agricultural, silvicultural, or aquacultural products; (2) the reclamation of vraste*^ 
v^ter; and (3) the elimination of the discharge of pollutants. The Amendments also require the 
consideration of ahemative waste management techniques that provide: the best practicable 
waste tVeatment technology over the life of the treatment works. 

Tbe three principal waste management alternatives are (I) conventional treatment and'clischarge. 
(2) conventional treatment and direct reuse, and (3) land treatment with discharges to surface 
and/or groundwaters. Treatment by land application of wastewater is ^ viable waste manage- 
ment alternative and is practiced successfully and extensively both in the United States and 
throughout the world, This publtcatiPn is concerned solely with land application for wastewater ^ 
treatment and is intended to encotyrage its use where it is cost-effective. 

This bulletin is not a comprehensive design manual; primarily, it provides information and 
program guidance*to EPA Regional Offices for analyzing and evaluating municipal applications 
for federal grants for the construction of publicly owited treatment works using land-application ^ 
methods. It also provides information and assistance to other federal agencies, to interstate 
organizations, to state water po^..ution control agencies, to the wastewater industry,, and to 
consultaitts and designers of land -application systems. 



Admittedly, there is insufficient knowledge about certain aspects of the treatment of sewage 
effluents by conventional secondary treatment as well as by land treatment to evaluate adequately 
sir of {he ramifications of the potential health hazards by any method of treating wastewater. 
EPA is proceeding with all deliberate speed, with its own resources and jointly with other insti- 
tutions and agencies, to research these areas of insufficient knowleclge. However, the success- 
ful and extensive use of the land treatment technique over a long period of time throughout the 
world justifies serious consideratiotx^of^lils method of treatment, even though, for example, it 
is not possible at this time to spoci^ acceptable levels of contaminants In the soil from land 
application of wastewater* It must bo demonstrated, however, that land treatment is the most 
cost-effective alternative, is consistent with the environmental assessment, and in other 
respects satisfies applicable tests. 

As new aspects of land ^applicat ton teclmology are developed through experience, additional 
information will become avaUable, and this publication will be revised. All users are encour- 
aged to submit suggested revisions and pertinent information to the Director, Municipal Con- 
struction Division, Office of Water Program Operations, U,S. Environmental Protection 
Agency, Washington, D.C. 204C0. 





James L, Agee 
Assistant Administrator for 
Water and Hazardous Materials 
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STATUTORY AND SUB-STATUTORY BASIS 



The Federal Water Pollution Control Act Amendments of 1972 (Public Law 
92-500), the legislative history of Ihe Act, and the regulations which have 
been issued in accordance with the provisions of the Act, provide the statu- 
tory basis for consideration and funding of land-application systems in the 
treatment of mu3iicipal wastewatei:. 

LEGISLATION 

The rationale and goals within which land-application systems are to be 
considered axe contained in the following sections of the Act: 

Section 208 - Areawide Waste Treatment Management 
Section 201 - Facilities Planning 

Section 304 - Best Practicable Treatment Technology (BPT) 
Section 212 - Cost Effectiveness Analysis 

Concerning land application of mimicipal wastewater, the portions of these 
sections that are most important are reproduced here; 

Section 208 



'^Sec. 208. (a) For the purpose of encouraging nnd facilitating the 
devHopment and implc'fneiit&tioii of ar^awide n-astc treatment man^ 
agcment plana — 

"(1) The Administrator > ; ■ * 

'i ' ' * ' * ■ after Goiisnltatton with appropriate 

F?dera3| State, and local aiithoritieSH shall by rec^itlatton publish 
guidelines for tJie identification of those areas wTiich, as a result 
of urban^industrial couceittratious or other factors, have sub' 
stantiai water^ittality control problems. 



'^(b) (l} Xot later than one year after the date of designatiou of any 
iU'^aui7jit]0]i under sui>5cctiou (a) of this section siieli organixatioji 
shall have in Oj)eration a eoutiniihig areawide waste treatment niaii^ 
a/remeutnlanuiug process consistent with section 201 of this Act* Plnii^ 
propared^iu aeconfaiice with this process shall cmitaiii aJtcniativc's for 
waste trcatnu'iit management, nnci be a{>pticabte to nil wasters ^ii- 
(rated within the aren involved. Tlie initial ptnn prepared iu acconN 
auce with such process shall be certified by the Governor aud subiiiittc'd 
to Hie Administrator not later than two years after the plauuin^^ pjw- 
p-s is in operation. 

'^(-2) Any pJaiiprepnrcd under such pi-ocess shall iuchld<^, but uot bo 
limited to — 

^(A) the identification of treatment works uceessnry to meet 
the autieipated municipal and industrial waste treatment needs of 
the aiTa over a twenty-ycar perio<l. annually updated (uiebuliitg 
an ajtalysis of aJternnttve wnste trcatjncjtt srstems). iaelndiii^ 
niiy re<iiiirements for flie nennisition of Iniid "for treatment nur- 
po»es: the necessary' waste water collection aud iii-ban stonn water 
runon systems; and a program to provide the uecesaai^' financial 
arrangemev.^s for the development of such treatment works; 
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"(B) the establishment of constniction Ijnoritiesforsncli treat- 
ment works and time schedules for the initiation and completion 
of all treatment works; 
^'(C) the estabUsiinient of a regulatoiy i>rogram to — 

"(i) implement the waste tueatment nmnngeinont rcquire- 
imnis of section 201(g), 

'^(it) re^nilate the Wation^ modittcMioiif and constnictio'ki 
of any facilities within such Area which may result in nny 
discharge In such ar«n, and 
'^(iii) assure that any iiidustnal or commGrcimI wnstes dis^ 
* charged into any treatment works iu such nrea meet applicable 

mtreatment veqnirements; 
''(B) the identification of those agencies necessary to construct^ 
operate^ and maintain all fnoilities reiqnircd by the plan and 
-Otherwise to carrv out the plan; 

*'(E) the jdentification of the measure necessary to carry out 
the plan (mclndinfr fiTiancing)^ the period of time iiecc?^?ary to 
carry ont the plan* the costs of carrying ont the plan within such 
time, and the economic, aociah and environmental impact of 
carrynig out the plan within such time; 

'M^) « process to (I) identify^ if a]>i>roprjate, agricnlturallv 
and silvjcnltu rally relnted non]K>int sources of pollution^ includ- 
ing runoJf from manure disposal areas, and from land used for 
livestock and crop production^ and (li) set forth procedures 
and methods (hicludnig Innd use reqniTenicnts) to control to the 
extent feasible such sources; 

"(K) a process to control the dis]>osaI of pollntnnts on land or 
iu subsurface excavittioiis within siicli iti'ea to protect ground nnd 
*A snrf ace water qunl ity. 

Section 2Q1 



"Sec. 201. (a) It is the purpose of this title to requlro and to assist 
the development and implementation of waste treatment management 
plans and practices which will achieve tihe goals of this Act, 

^(b) Waste treatment management plans and practices ahall provide 
for the application of the best practicable waste treatment technology 
before any discharge into teceiving waters^ including reclaiming and 
recycling of water, and confined disposal of pollutants so th^ wiU not 
migrate to cause wateror other envirorunentat pollution and shall pro- 
vi&'ior consideration of advanced waste treatment techniques, 

**(c) To the extent practicable, waste treatment management shall be 
on an areawide basis and provide control or treatment of alt point and 
ncnpoint 9<mrce3 of pollution, including in place or accumulate^ pol- 
lution sou roe** 

"(d) The Administrator ahall encourage icasle treatment maniuje- 
ment which results in the construction of rsir^ennc producing facilities 
providing for— 

''(I) tho recycling of potential seirn|;:c polliittiiits through the 
pmluction of ngricit1tnre,!;ilvicnlturc,orn<]nncultnTeprQducta,or 
auy roinbination thereof ; ^ 

''(^) the confined niitl contnUted disposal of pollntnnts not 
recycled; 

tlic m*Ininatioiiof wnstcn*nter;nnd 
*^h\ tlm iiUiiimto disi)osal of slndge in a manner that will not 
result in onnronniuiital nnzards. ^ 
^(e) The Admlnistnitor shall encournge waste ticntmcnt manage- 
limit which n^ults in hitegratiug faeilit los for sewage treatment and 
rcci-cJing \nth fncilities^to trcnt, dispose of, or utili^othei industrial 
tin<i inniitcipnl wnstcs, inclmliii^ hiU not limited to ^yWd wa^*^ and 
waste heat and thermal discharges. Such integrated facilities shall be 
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diisigned nJid operated to produce n^i^cnues in excess of cnpital and 
opcmtlon and maintenance costs and such Tevennes shall be used by 
th&Ucsignnted regionnl^ management agency to aid in financing other 
cnvtronmeiital improvement programs. 

"Uf) Tlic Adiniiiistrfttor snnircncoiu'ape T\"flstc treatment iniinRge- 
ment which combines 'open space' and recreational considerations ^rith 
such ninuagement* 

■^(ir){l) 'J^be Administrator is nutliorized to make grants to any 
Stnte, numteipality* or intermunicipal or Interstate agency for the 
( onstnid ion of publicly owned trentmcnt works. 

"(2) The Admiiiistrator shftll not make grants from funds author* 
iml for liny fiscal year beginning after June 30, 1074, to any State* 
iiniiik:ii>ality, or inteminnicjpal or interstate agen^ for the erection^ 
building, acquisition^ altemtion. remodeling, imiiroveinent. or exten- 
sit;n of treatment u'orks unless the arrant applicant Ims satisfaetorily 
demonstrated to the Administrator that^ 

"(A) alternative waste management techniques have been stud- 
ied ami evaluated and the works proposed for grant assistance 
will provide for ^hc applieation of tlie best praeticnble waste 
treatnientteelinolopy over tlie life of the works consistent with the 
piirtwsGsof this titie;and 

*^(B) as appropriate, the works pro|>osed for grant assistanee 
will take into accoirnt and allow to the extent pmetieable the 
application of technologj- at a later date whicli will provide for 
f the reclaiming or recyclnifr of water or otherwise eliminate Hie 
(lisrbari*c of pollutants. 



Section 304 



■*(d)('2) The Atlminirfi-ator, ;iftof fOnsuliation v.ith appropriate fed- 
i*nil v.iul S'ric M;;?iKies -^ml othev int^'n'^tcd per.^^ms, Hiall publi^b 
wiiliin mwv months nH^n Tlvdate oi ^nactmciitof this title (ano'ffom 
fiiHL- t*> tin^e tlK'tvafier) nifonnation on alternative wTiste treatment 
iii^uiii;£Viiicht te^-ltniqiios i-ntt iAsteina available fo implement section 
t^aiof tbiR.\cU 

SecUoD 212 

"Sec.212. Asuscdintliistitle— ^ *^ 
"(1) ^c term 'construction^ means any one 01' more of the follow* 
ing; preliminai-y planning to tletermine the feasibility of treatment 
works, engineenng, architect nral, legal, fiscal, or economic invesfi^a* 
tioiis or studies, surveys, tlcsigns* plans, working iJmwings. s>^:ihc3i- 
tions* j>i*ocedures, or oda-r nn-essary actioiis. ei^cMoii. biiihlii% 
acquisition, alteration, remodcUng, improvement, or extension of 
treatment works, or the inspection or suiwrvision of any of the 
foregoing items, 

"(S) (A) The tenn treatment works' means any devj^ and systems 
nsed iu the stoni^i^c, treatment, recycling, nnd reclamation of municipal 
sewa;;c or industrial wastes of **. liquid natnre to implement section 
5D1 of tliis Act, or necessary to i-eeyelc or reuse water at the most ceo* 
nomieal cost orer the cstimatetl life of the works, including intercept- 
ing scwctSj outfall sewers, scwafjc collection s^^st ems, pumpinp,pOtt^r, 
and other equipment, imd tbeir apmirtenanees; extensions, improve- 
inentfl, remodel nip;, additions, and tifterattons thereof; elements esscn-^ 
tial to provide a reliable recyeled supply such as standby treatment 
units ami elear well facilities; and any works, itieludtng site acquisition 
of the land that w. I bc-cii iutegral part of the treatment process or is 
useil for ultimate dist>a5al of residues ix^iiltiit^ from siiefi treatment, 

"fB) In addition to the defudtion contained in subparagraph (A) 
of tins pai^fcraph, treatment trorks' means any other metfioa or sys* 
tern for prt*veiiting, abating, reducing, storing, tiTnting, separating^ 
nr distiosin;: of niiinicijml waste* including storm water ninoff, or 
industrinl ^vaste, iueliidnig wTiate hi combined storm water and sani- 
tary Sewer s\*3itein3. Any application for eonstniction grants which 
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includes \rholly or in part siich methods or systems sliiilU iii ftccordftiioj ' ' , 
witli guidoHiies nnblislicd by tlio Adrntnistrtitor pursuant to subpaift- 
j!:raph (C) of thts paragraph, contain adequate data and analysis 
dcmoiistratinji! sncli proposal to 60, over the life of such works, the 
most cost efficient alteniative to comply with sections 301 or 302 of 
this Act. or the rcqnimneiits of section ^01 of this Act 

REGUlATICx^S 

In addiUoD to the legislation itself^ regulatiODS have been issued that 
pertain to land application t The following regulations represent a portion 
of the EPA program to implement requirements of Title H of the Act. 

Areawide Waste" Treatment Management (Section 208) ^ 

The regulatory basis for Seqtion 208 areawide waste treatment management 
plaimlng pertaining to land-application systems is contained in 40 CFR 35, 
subpart F, published in the Federal Register May 13, 1974. The planning 
for areawide waste treatment management consists of two interrelated con- 
siderations: analysis and implementation. Analysis serves to identify 
important factors, finplementatioo involves practical aspects for realizing 
alternatives that can improve water quality. Under the Section 208 fiiterim 
Grant Regulation, implementation alternatives must consider all policy 
variables that can be adjusted to produce improvement of water quality. 
As one policy variable, land-application systems can play a significant 
role in development of areawide plaiming management alternatives . 

Disposition of residual wastes and control of disposal of pollutants must 
be considered in formulation of areawide waste treatment management 
plans. Again, the consideration of land-application systems is a means 
for achieving this • 

Grants for Constructicm of lYeatment Works {Section 201) r 

The Title n regulations set forth, in general, the procedures and condi- 
tions for award of grant assistance. Section 917 of these regulations 
specifies the facilities planning requirements, and Appendix A of these 
regulations gives the cost-effectiveness analysis guidelines. Botn guide- 
lines include mention of land appffcation as alternative waste mana^ment 
systems. 

Guidance for Facilities Planning - The publication. Guidance for Facilities 
Planning, March 1974, provides supplemental guidance and information 
regarding planning and evaluation of various alternatives for publicly- 
owned waste treatment works. Basically, facilities planning includes 
(1) a statement of the problems; (2) an inventory of existing systems; 
(3) a projection of fixture conditions; (4) setting of goals and objectives; 
(5) an evaluation of alternatives, which may variously Include land treat- 
ment or reuse of wastewater, flow reduction measures (including the 
correction of excessive infiltration/ flows, alternative system configura- 
tions^ phased development of facilities, or improvements in operation and 
maintenance) to meet those goals and objectives; and (6) an assessment of 
the environmental impacts of the alternatives. Such planning provides for 
cost-effective and envirojunentally sound treatment works which will meet 
applicable effluent limitations . 



Coat-EffeetiveDeas Analysis Guidelines - Regulations for the cost-effectiveness 
analysis (40 CFR 35 Appendix A) , published in tfie Federal Register on 
September 10, 1973, provide information for determining the most cost- 
effective waate treatment management system or the most cost-eftective 
component part of any waate treatment management system, incl^uding 
the identification, selection, and screening of alternative waste management 
systems. These alternatives should include systems discharging to receiving 
waters, aystems using land or subsurface disposal techniques^ and systems 
employing the reuse of wastewater. A complete text of the guidelines is 
included herein as Appendix G. 

Secondary Treatment Information (Section 304 fd)fl) ) 

Information on secondary treatment (40CFR 133) was published In the 
Federal Register on August 17, 1973. Land -application systems with point 
source discharges must comply with these minimnm standards. 

Alternative Waste Mana_gement Techniques for Best Practicable Waste 
Treatment (Section 304 fd><2» 

This publication provides informatiqn on best practicable treatment technology 
(BPT) and contains information and criteria for waste management techniques 
involving land application. The proposed BPT criteria for a land-application 
system where the effluent results in permanent groundwater are based on 
protection of groundwater for drinking water supply purposes. The proposed 
version, dated March 1974, is now being finalized. 
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INTRODUCTION 



The purpose of this publicatton is to suggest procedures for theevahiation and 
review of municipal wastewater treatment system alternatives that employ 
the land application of effluent. It is not intended to be used as a deiSign guide. 
An Evaluation Checklist and background information are provided, and procedures 
are given for evaluating alternatives cj^aling with irrigation, iniiltration- 
percolatioix, overland flow, or combinations of these land -application approaches. 
Systems involving injection wells, sealed evaporation ponds, or septic-tank leach 
fields for wastewater disposal are excluded, as are systems in which sludge is 
applied to the land. 

To properly evaluate each step involved in planning, design, and operation of soil 
systems, Ihe Evaluation Checklist is divided into three major parts dealing with: 
(1) facilities plans, ^) design plans and specifications, and ^) operation and 
maintenance manuals . Organization of the text containing the background informa- 
tion parallels the Evaluation Checklist and is keyed to it by appropriate symbols 
in the headings . 

FACILITIES PLAN (PAkT I) 
> 

The recommended wastewater management plan should be based on the apparent 
best alternative as derived from a detailed evaluation of the various treatment 
alternatives. These alternatives should include systems using land-application 
as required in the cost-effectiveness analysis guidelines (40 35, Appendix A) 
and the best practicable tr3atment (BPT)- document [s] . When BPT is referred - 
to tilroughout this bulletin, it refers to reference[3], which was in proposed form 
at the time of publication, and any fixture revisions to that document. 

The focus of Part I is on the thorough evaluation of land-application alternatives, 
and the preparation of a detailed facilities plan. It ^ould be used in conjunction 
with Guidance for Facilities Planning . The result should be /leOnitive 
regarding design criteria, so that design plans and specifications may easily 
follow. An attempt has been made to avoid restirictive or dogmatic standards 
because most design criteria are site-specific. Instead, important considerations 
are discussed and reasonable ranges suggested. Key elements to consider are: 
(1) Did the engineer consider appropriate land -application approaches or combina- 
tions and modifications thereof, and ^) What was the basis for screening the ^ 
land -application alternatives? 

Emphasis is placed on long-range planning and environmental factors. Are 
the alternatives compatible with local and regional planning goals ai^ objectives? 
With regard to environmental factors, sl carefiil assessment must be made of 
the completeness and detail of the investigation and the overall design considera- 
tions provided to minimize any adverse impacts . 

The normal sequence and interrelationship" of steps in the preparation of a 
wastewater management plan are pr^tsented in Figure 1 . For the most part, 
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Figure 1. Planning sequence for land-application alternatives 



these steps correspond dii ectly in title and sequence to the sections in Part L 

ves repeating the sequence of step? until the implemen- 



The planning process invo 
tation program is finalized 

DESIGN PLANS AND SPECIFICATIONS (PART II) 



The (Jesign plans and specifications should be a logical extension of the facilities 
plan* Details of the wastewater management plan are presented in the plans and 
specifications for implementation and construction purposes* A complete listing 
of site characteristics and major design criteria should accompany or be included 
in the plans and specifications for ease in evaluation, Ii^portant considerations 
in design are discussed in Part II with stress placed on the continuity between 
recommendations in the facilities plan and features of the design. 
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OPERATION AND MAINTENANCE MANUAL (PART HI) 



The Operation and Maintenance Manual is a tool of fundamental Importance for 
management of the treatment system. The design concepts should be clearly 
explained and procedures for operating and maintaining the facilities must be 
delineated. The manual is intended to be a guide for the operators of the treat- 
ment facilities and will help to ensure that they understand the key design features 
ancTthe objectives for which the system was designed. The manual should include 
maintenance schedules, monitoring programs, and recommendations for man- 
power utilization. Additionally, potential problem areas* symptoms of process 
malfunction, and methods of control of adverse impacts should be described. 
Special considerations, such as agricultural practices for irrigation systems, 
should also be included. 

Extensive reference is made to Considerations for the Preparation of Operation 
and. Maintenance Manuals l6ll throughout Part^irt^ and Section A ig devoted en- 
tirely to a discussion of the use of this reference* In the remaining three 
sections, additional considerations particular to operation and maintenance 
manuals for land-application systems are presented. 

CONSIDERATION OF SYSTEM SIZE 

The scope of the Evaluation Checklist is aimed at modefate-to -large sized land- 
application systems* The extent to which planning and design of small systems 
(say 0*5 mgd or less) should adhere to all points in the checklist is left to the 
discretion of the evaluator. 

SOURCES OF DATA 

Throughout this report, major sources of information on each subject are cited 
for easy references- These sources should not be viewed as the only ones avail - 
able; when appropriate, other interested agencies, such as the USDA and FDA, 
or local government, university, or independent consultants^ould be sought out 
for pertinent data. References cited by bracketed numbers in the text are listed 
in alphabetical order in Appendix A/ A short annotated bibliograpt^r of the 
major reports on land application of wastewater is included as Appendix B. 

PUBUC ACCEPTANCE 

In many cases, public acceptance may be the primary limiting factor in the 
implementation of land*applicatiO(i projects. At ea<Jh step in the review process » 
the evaluator shot;M ensure that areas of public concern have been identified, 
and that these concerns are reflected in the facilities plan, plans and specifica- 
tions, and operation and maintenance manual* 

One source of public concern is often the relative uncertainty over various health 
effects. With regard to this ciDncern, the evaluator should pay particular atten- 
tion to such items as the degree of preapplication treatment, types of crops that 
may be grown, wad the degree of ptSblic contact with the effluent. 



EVALUATION CHECKUST ?0R TREATMENT 
ALTERNATIVES EMPLOYING LAND APPLICATION OF WASTEWATER 



The purpose of this checklist is to provide reviewers with the pertinent factors 
to be considered in the planning^ design, and operation of systems employing 
land application of municipal effluents. The format of the checklist has been 
selected to enable the reviewer to enter a check mark or comment to the right 
of each item* Items are arranged so that the more important ones appear first* 
Those items for which a dashed checkline appears are desirable but not essential 
considerations. The notation and headings used are generally the same as those 
used in the backgixmnd information text. 



Parti FACIUTIESPLAN 



A. Project Objectives 

Objectives and goals relevant to water quality^ 
protection of groundwater aquifer, the need for 
augmenting existing water resources, and ai^ 
other desired effects should be considered ^ 
initially. ^ 

B. Evaluation of Wastewater Characteristics 

1. Flowrates 

Present, projected, and peak flow 

2. Existing treatment 

a. Description 

b* Adequacy for intended project 
3* Existing effluent disposal facilities 
a* Description 

b. Consideration of water rights 

4. Composition of effluent to be applied 
a* Total dissolved solids ' v 
b*^ Suspended solids 
c* Organic matter (BOD, COD, TOO) 
d. Nitrogen forms (all) 
e* Phosphorus 
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(continued) 

Inorganic ions 

(1) Heavy metals and trace elements 

(2) Exchangeable cations (SAR) 

(3) Boron 

g* Bacteriological quality 

h. Projected changes in characteristics 

I i. Are industrial wastewater components 
considered? 

j* BPT constituents 

C, Evaluation of Potential Sites 

AH potential.sites should be consideretl on the 
basis of the'x^riteria listed in this section, and 
should be reevaluated in the lighlr of design 
considerations and environmental assessment. 

1. General description., 
a. Location 

(1) Distance from collection area or 
treatment plant 

(2) Elevation relative to collection 
area 

b* Compatibilify with overall land-- 
use plan 

(1) Current use 

^ (2) Proposed feture use 

(3) Zoning and adjacent land use 

(4) Proximity to current and 
planned developed areas 

(5) Is there room for feture 
expansion? 

c. Proxlmify to surface water 

d. Number and si^e of available land 
parcels 

2. Description of envii:;onmental characteristic^^ 
a. Climate 
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.2*a, (continued) 

(3) Temperature, with seasonal 
variations 

(4) Evapotranspiration 

(5) Wind velocities and direction 
b* Topography 

(1) Ground slope ' 

(2) Description of adjacent land 

(3) Erosion potential 

' (4) Flood potential 

(5) BTctent of clearing and field 
preparation necessary 

c* Soil characteristics 

(1) Type and description 

(2) Miltration and percolation potential 

(3) Soil profile 

(4) Evaluation by soil specialists 
Geologic formations 

(1) Type and description 

(2) Evaluation by geologist 

(3) Depth of formations 

(4) Earthquake potential 
Groundwater 

(1) Depth to groundwater 

(2) Groundwater flow 

(3) Depth and extent of ai^ perched 
water 

(4) Quality compared to requirements 

(5) Current and planned use 

(6) Location of existing wells 

(a) On site 

(b) \AdJacent to site 

f* Receiving water (other than groundwater) 
(1) Type of body 



20 



(coQtkiiied) 

p) Current use 

(3) Existing quality 

(4) Is it water-quality limited? 

(5) ' Is it effluent limited? 
<6) Water rights 

3* Methods of land acquisition or control 

a. Purchase 

b. ' Lease 

c. Purchase and lease back to farmer 

d. Contract with users 
e* Other 

B* Consideration of Land-/pplication Alternatives 

Based on the project objectives and characteristics 
of the selected potential sites, appropriate methods 
of land application should be considered. 

1. Irrigation 

a. Purpose 

( 1) Optimization of crop yields 

(2) Maximization of effluent application 

(3) Landscape irngation 
b* /plication techniques 

(1) Spraying 

(2) Bidge and furrow 

(3) Flooding 

2* InfiItration*percolation 
a. Purpose 

(1) Groundwater recharge 

(2) Pumped withdrawal or underdrains 

(3) Interception l^y surface water 
b* Application techniques 

(1) Spreading 

(2) Spraying 
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I-D* (contiiuied) _ 

3* Overland Qow (spray- runoff) ; 
a* Purpose ^ / 

(1) Discharge to surface waters 

(2) Reuse of coUefcted runoff 
b. Application techniques 

(1) Spraying 

(2) Flooding 

4* Combinations of treatment techniques 

a. Combinations of land-application, 
techniques at the same or different 
sites 

b* Combinations of land-application 
with in-plant treatment and receiving 
water discharge 

5* Compatibility with site characteristics 

E« Design Considerations 

1, Loading rates 

a. Liquid loading/water balance 

(1) Design precipitation 

(2) Effluent application 

(3) Evapotranspi ration 

(4) Percolation 

(5) Bunofif (for overland flow systems) 

b. Nitrogen mass balance 

(1) Total annual load 

(2) Total annual crop uptake 

_ (3) Denitrification and volatilization 

(4) Addition to groundwater or 
surface water 

c. Phosphorus mass balance 

d. Organic loading rate (BOD) 

(1) Daily loading 

(2) Resting^drying period for oxidgition 

e. Loadings of other constituent£f 
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I-E, (continued) 

2. Land requirements 

a. Field area requirement 
. b. Buffer zone allowance 

c. Land for storage 

d. Land for buildings^ roads and ditches 

e. Land for future expansion or 
emergencies 

3* Crop selection 

a* Relationship to critical loadii^ 
^ parameter 

h. Public health regulations 

c. Ease of cultfvation and harvesting 
d* . Length of growing season 

e* Landscape requirements 
f* Forestland 
4. Storage requirements 

a. f(elated to length of operating 
season and climate 

b. For system backup 
c* For flow equalization 

d. Secondary uses of stored wastewater 
S* Preapplication treatment requirements 

a. Public bealth considerations 

b. Relationship to loading rate 

c. Relationship to effectiveness of 
physical equipment. 

6. Management considerations 

a. System control and maintenance 
b* Manpower requirements 
c. Monitoring requirements 
' d. Emergency procedures 

7. Cos^effectiveness analysis 

a* Capital cost considerations 

(1) Construction or other cost index 

Service life of equipment 
{3) Land cost 
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I'-E*?, (continued) \ 

b , Fixed annual costs \_ 
(1) Labor \ 
^) Maintenance _ 

(3) Monitoring ^ 

c, Flow-re)ated annual costs 
(1) Power 

^) Crop sale or disposal 

d, Nonmonetary factors 

8. Flexibility of alternative 

a. With regard to changes in treatment 
. requirements 

b. With regard to changes in wastewater 
characteristics 

c . For ease of expansion 

d. With regard to changing land 
utilization 

e. With regard to technological advances 

9. Reliability 

a. To meet or exceed discharge 
requirements 

- b* Failure rate due to operational 
breakdown 

c. Vulnerability to natural disasters 

Adequate supply of required resources 

e* Factors -of -safety 

10. Best practicable waste treatment technology (BPT) 

a, Requirements for groundwater quality 

b* Requirements for treatment and discharge 

F. Environmental Assessment 

The impact of the project on the environment, 
including public health, social, and economic 
aspects -must be assessed for each iand- 
application alternative. 

1* Environmental impact 

a. On soil and vegetation 

b, On groundwater 
(1) Quality 
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I-F.l*b. (continued) 

(2) Levels and flow direction 

c. On surface water 
■ (1) Quality 

(2) Influence on flow 

d. On animal and insect life 

e. On^ air quality 

f. On local climate 
2^ Public health effects 

a. Groundwater quality 

b. Insects and rodents 

c. Bunofif from site 

d. Aerosols 

e. Co"*,taraination of crops 

3. Social impact ' \ 

a. Relocation of residents 

b. Ifffects on greenbelts and open space 
c* Effect on recreational activities 

d. Effect on community growth 

4. Economic impact 

a. On overall local economy 

b. Tax considei^ations (land) 

c. Conservation of resources and fenergy^ 

G, Implementation Program 

The ability to inclement the project must be 
assessed in light of the overall impact, the 
effectiveness of the tentative design, and with 
regard to public opinion. 

1* Public information program 

a. Approaches to public presentation^ 

\l) Local officials 

(2) Public hearings 

(3) Mass media 
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1^,1* a. (continued) 

' (4) Local residents and land owners 

^ (5) Communication with special- 
interest groups 

b. Public opinion 

(1) Engineer's response 

(2) Review of problem areas 

2. Legal considerations 

3. Reevaluation of ability to implement project 

4. Implementation sctiedule 

a. Construction schedule 

b. Long-range management plan 
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EVALUATION CHECKLIST FOR TREATMENT SYSTEMS 
EMPLOYING LAND APPUCATION OF WASTEWATER 



Part n DESIGN PLANS AND SPECIFICATIONS 

The purpose of this part is to ensure completeness of the engineering design 
considerations and to assess the compatibility of the design witb the facilities 
jplan. 

A. Agreement with Facilities Plan 
1* Modifications 

a. - Have modifications affected other * / 

design criteria? 

b. Is supporting material included? 

c* Were pilot studies recommended in 

the report? 

2* Reevaluation of facilities plan 

a* With regard to changes in the interim 
period 

(1) In federal or state regulations 

(2) In basin planning - 

b. With regard to findings of pilot 

studies ^ 

B* Site Characteristics 

L Topography 

a. Site plan ^ 

b. Effects of adjacent topography 

( 1) Will it add storm runoff? 

(2) Will it back up water onto site? 

(3) Will it Provide relief for drainage ? 

c. Erosion-prevention considerations 

d* Earthwork required 

(1) For field preparation 

(2) For transmission, storage, and roads 
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n-B*l* (continued) 

* e* Methodof disposal of trees* brush, 

and debris 

2. Soil 

a. Soil maps 
b* Soil profiles 
{ i) Location 

(2) Physical and chemical analysis 

3. Geohydrdlogy 

a* Map of iQiportant geologic formations 

b* Analysis of geologic discontinuities 

c. Groundwater analysis 
Design Criteria 
1. Climatic factoifs 

a. Precipitation 

(1) Total anriual precipitation , 

(2) Record maximum and minimum 
annual 

(3) Monthly distribution 

(4) Storm intensities 

(5) Effects of snow^ 
b* Temperature 

(1) Monthly or seasonal averages and 
variation 

(2) Length of growing season 

(3) Period of freezing conditions . 
c* Wind 

2* Miltration and percolation rates 

a. Design rates 

b. Basis of determination 

(1) Agriculture extension service or 
soil specialists 

(2) From soil borings and profiles 

(3) From analysis of SCS soil surveys 

28 
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II*C.2.b. (ccaitiimed) 

(4)^ From farming experience 
' (5) FroHMresultsof pilot studies 

3. Loading rates 

a. List of loading rates 
bl Critical loading rate 

4. Land requirements 

a. ^plication area 

(1) Wetted area 

(2) Field area 

b. For buffer zones 

c. For storage 

d. For preapplication treatment, buildings, 
and roads 

e. For future or emergency needs 

5. Application rates and cycle 

a. Annual liquid loacUng rate 

b. Length of operating season 

c. Application cycle 

(1) Application period and rate 

(2) Weekly application rate 

(3) Resting or drying period 

(4) Rotation of plots or basins 

6. Crops/vegetation 

a. Compatibility with site characteristics 
and loading rates 

b. Nutrient uptake 

c. Cultivation and harvesting requirements 

d. Suitability for meeting health criteria 

7. System components 

a. Preapplication treatment facilities 

b. Transmission facilities 
c«, Storage facilities 

d. Distribution system 
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U-C*T, (continued) 

e* Recovery system 

U Monitoring system 
8* Design flexibility 

a. Provisions for syatom expansion 

b* Provisions for system modification 

c* Interconnections ard partial isolation 
9. Reliability 

a, Factors-of*bafety . 
. b. Backup systems 

c* Contingency provisions 



D, Expected Treatment Performance 

!• Remove efficiencies for maJoE==-^:^? 
constituents 

2* Remaining concentrations in renovated 
v;atar 



(i) 
(2) 
(3) 
(4) 



Equipment or unit failure 
Natural disasters 
Severe weather 
Unexpected peak flows 
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EVALUATION CHECKLIST FOU TREATMENT SYSTEMS 
EMPLOYING LAND APPLICATION OF WASTEWATEH 



Part m OPERATION AND MAINTENANCE MANUAL 

The operation and maintenance manual should be prepared in accordance with 
EPA guidelines that deal specifically with the subject; however, special consider- 
ations for land-application systems are presented. 

A. EPA - Considerations for Preparation of Operation 
and Maintenance Manuals 

1. Litroduction ^ i 

2, Permits and standards ■ * 

3* Description, operation, and control of 

wastewater treatment facilities 

4* Description, operation, and control of 

sludge-handling facilities := 

5* Personnel . 

6. Laboratory testing 

7. Records " . 

8. Maintenance 

9* Emergency operatu'^g and response program^ 

10, Safety , 

11., Utilities 

12. Electrical system | 

13. Appendixes 

B. Operating Procedures 

' 1. Application of efQuent 

a. Distribution system ^ 

I 

b. Schedule of application 

2. Agricultural practices 

a. Purpose of crop 

b. Description of crop requirements 

c. Planting, cultivation, and harvesting 
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m-B. '.(coiitlimed) 

3. Becovery of renovated water 

4. Storage > 

5. * Special problems and emergency 

conditious 

C. Monitoring 

1, Parameters to be monitored 

2 , Monitoring procedures 

a. Locatiosn of sampling points 

b. Schedule of sampling 

3. :&iterpretation of results 

4. Surveillance and repo3rting 
finpact Control 

1. Description of possible adverse effects 

a. Environmental 

b. Public health 

c. Social 

d* Economic 

2 . Indexes of critical effects 

3. Methods of control 

4. Methods of remedial action 
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PART I 

WASTEWATER 
MANAGEMENT PLAN 
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SectiOD A 
PROJECT OBJECTIVES 



Proper evaluation of land applicatiOD of wastewater as a treatmeDt alternative 
requires that a clear set of project goals and objectives be established. The 
success of the project will depend to a large degree upon the careful formulation 
of these objectives. Some of the major questions that should be answered are: 

• What Sxe the immediate and long-term water-qiiality objectives? 

• Is there potential for meeting the BPT requirements for protecting 
groundwater? 

• Is there a need to consider wastewater as a means of augm^nting^.exist- 
ing water resources? 

# What are the areal plans and policies for land use? 

# Is there a need to minimize land requirements? 

# Is there a need to minimize use of resources (or energy)? 

Immediate and long-^term water -quality objectives should be determined for both 
surface waters and groundwater in order that treatment requirements may be 
assessed for potential systems . ^These objectives should be related to both the 
basin water quality management plan (40 CFR 131)^ and the areawide waste^ 
treatment plan (40 CFR 35.1050). Critical parameters ^and constituents, and 
special water-quality problems of a particular area should be identified. 

The BPT requirements [s] establish a need to protect all groundwater to 
some level. As stated in the BPT document, "land application practices should 
not ferther degrade the air, land, or navigable waters; should not interfere 
with the attainment or maintenance of public health, state, or local land use 
policies;. and should insure the protection of public water supplies^ agricultural 
mid industrial water uses» propagation of a balancred population of aquatic and 
land flora and fuana, and recreational activities in the area. The water-quality 
criteria for drinking water supplies are the most thoroughly defined of the above 
objectives, and may often be adequate alone. However, there may be instances 
where more stringent quality criteria may be required to protect beneficial uses 
other than drinking water. A determination should be made of the potential for 
meeting the BPT requirements for protecting groundwater based on the effluent 
quality to be applied ([-B.4), the site and groundwater characteristics ([-C.2), 
ttie tyipe of land*application system (E-D), and design loading rates (E-E.l). 

The overall water-use plan should be *°valuated to determine the value of using 
wastewater to augment existing water resources. For many areas ^ the reuse of 
wastewater may offer new water-use possibilities , or may relieve requirements 
Cor fresh water. Irrigation, groundwater recharge, and water-based recreation 
are water-use possibilities that could be investigated. 
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Land -use trends and plans should 'be evaluated to determine if a land-application ^^ 
system would be compatible with other land uses, and if land exists that may 
benefit from land application of effluent. The need for land r other purposes, 
such as industrial, commercial, or residential expansion ^^.ouldbe determined, 
as should beneficial effects, such as development of agricultural land, parks, or 
greenbelts, ^ 

The availability of land may be limited or land costs may be high In many 
densely populated or developed areas* The need 'to minimize land requirements 
will then become an important consideration in which hi^-*rate application sys- 
tems, such as infiltratLon-percoiation and overland flow, are emphasized. 

Resources necessary for various treatment alternatives that must be conserved 
should be noted* Materials and chemicals required for certain treatment pro- 
cesses, and energy are among those resources that may be limited in supply and 
mustbe conserved. 
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Section B 

/ 

f EVALUATION OF WASTEWATER CHARACTERISTICS 



A necessary preliminary step when planning for a land-application system* as 
with any other treatment system, is a detailed evaluation of the wastewater 
characteristics. Tife chajfa^cteristics wilU to some degree^ affect the treatment 
method - whether irngHtion^ overland flow* or infiltration -percolation - and will 
directljf affect the system design* Evaluation of the wastewater characteristics 
should include; (1) flowrates, (2) quality changes resulting from existing 
treatment* {<) existing effluent disi^osal practices, and (4|^composition of 
effluent- 

B, L FLOWRATES 

The quantity of effluent to be treated by the land-application system should be 
estimated as closely as possible. Clearly* the success of the project. will de- 
pend to a large degree on the accuracy of estimating flowrateg. Flowrates 
which should be estimated include: 

m Present or initial flow 

• Present sustained peak flow 

• Projected future flow 

• Projected sustained peak flocy 

Instantaneous peaks (less than 1 hour m duration) will have little effect on most 
designs; however, sustained peak$ for 3 or 4 hours or more may require special 
design features in pumping* preapplication treatment, or storage* In somecases* 
industrial flows* such as from canneries, may result in seasonal peaks lasting 
for several months. In such cages* special provisions must be made, such as 
using additional land. ^ 

Stormwater must be considered for combined sewer systems and an injBltration/ 
inflow analysis must be condi^cted on sanitary sewer systems to determine the 
extent of groundwater or stormwater infiltration* The EPA publication on urban 
stormwater management and technology (79] will be a useful reference for as- 
sessing the magnitude of stormwater flows and the problems that may be en- 
countered* Infiltration/inflow analysis should be conducted in accordance with 
Federal Regulation 35.927 fe^ and the El^A publication entitled* Guidance for 
Sewer System Evaluation [63| . Where large sustained peaking factors exist 
as a result of infiltration/ inflow or industrial/commercial activity, considera- 
tion may be given to storage for flow equalization. 
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EXISTING TREATMENT 



Where land application is to be used> varying degrees of preapplication treat- 
mentj ranging from primary screening to secondary treatment with advanced 
treatment for certain constituents may be -required. The degree of preapplica- 
tion treatment necessary will depend upon a number of factors > including the 
land-application method » the effluent limitations established^ the groundwater- 
qualify criteria established in the BPT document [3]> and the design features 
of the system (see I-E . 5) . In most cases where land application is to be an 
additional step> existing treahnent facilities may' partially felfill preapplica- 
tion treatment requirements. The existing facilities should be evaluated for 
capacity^ degree of treatment^ and adaptability for land-application altemativew. 

3/ E3aSTING EFFLUENT DISPOSAL FACILITIES 

Existing effluent disposal practices should be described as they relate to the 
overall basin hydrology. Existing and proposed effluent or water-quality stand- 
ards should be specified > and the record of effluent quality should be reviewed- 
The two should be compared and any discrepancies should be explained- Exist- 
ing water rights should be investigated if a change is anticipated in disposal 
practice- Jsi the western states^ where water rights are generally of greater - 
concern, it may be helpful to consult with the state agency involved in water 
rights - 

COMPOSITION OF EFFLUENT 

The composition of the effluent to be applied to the land should be evaluated with 
respQct to the constituents in the following discussion- The constituents of 
importance in an individual case will depend upon the effluent limitations, 
groundwater protection criteria from the BPT document^ and guidelines for 
irrigation water quality. The concentrations determined should be related to 
existing preapplication treatment practices and to additional preapplication 
treatment requirements as 4iscussed in Section E- The degree to which the 
list is adhered to is dependent upon the type and size of the project^ and the 
sources of \\^aste water. Where high constituent concentrations are suspected^ 
they should be evaluated more thoroughly- Because the acceptability of 
wastewater charafjteristics for land application will depend heavrly-upon site 
characteristics » type and purpose of system^ and loading rates» the evaluation 
cinnot be completed until these, interactions are considered. 

B.4.a. Total Dissolved Solids 

The aggregate of tlie dissolved compounds is the TDS (total dissolved solids). 
The TDS content^ which is related to the EC (electrical conductivity) > is gen- 
erally more important than the concentration of any specific ion- High TDS 
(total dissolved solids) wastewater can cause a salini^ hazard to crops > 
expecially where annual evapotranspiration exceeds annual precipitation - 
A general classification as to saliniiy hazard by TDS content and electrical 
conductivity is given in Table 1. It should be noted that these values were 
developed primarily for the arid and semiarid parts of the country- The 
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effects of high TDS on crop yields are discussed in Section E (I-E.3.a*). 
High-TDS wastewater may also create problems if allowed to percolate to 
the permaneDt groundwater. 



Table 1 . GENERAL GUIDELINES FOR SALINITY IN 
IRRIGATION WATERS [lio] 



Classification^ 



TDS, mg/l EC, mmhos/cm 



Water for which no detrimental 
effects are usuaiiy noticed 

Water that can have detrimental 
effects on sensitive crops 

Water that can have adverse 
effects on many crops^^ re- 
quiring careful mmiagement 
practices 

Water lliat can bo used for 
tolerant plants on permeable 
soiis with careftil management 
practices 



500 



0.75 



500-1,000 0.75-1.50 



1,000-2,000 1450-3.00 



2,000-5,000 3,00-7*50 



a. Normally only of concern in arid and semiarid parts of the country. 

b* Crops vary greatiy in their tolerance to salinity (TDS or EC). Crop 
tolerances arc given in Section £. 



B,4.b.^ Suspended Solids 

Suspended solids in applied effluents are important because they have a 
tendency to clog sprinkler nozzles and soil pores and to coat the land 
surface. A targe percentage of the suspended solids can be removed easily 
by sedimentation. When applied to the land at acceptable loading rates, 
almost complete removal can be expected from the percolate. 

B-4.C. Organic Matter ' ^ 

Organic matter, as measured by BOD, COD, and TOC, is presentin the 
dissolved form as well as in the form of suspended and colloidal solids . 
Ordinarily, concentrations are low enou^ not to cause any short-term effects 
on the soil or vegetation. Organic compounds, such bls phenols, surfactants, 
and pesticides, are usually not a problem but in high cmcenbrations they can 
be toxic to microorganisms . 
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BOD applied is removed from the wastewater very efficiently by each land- 
application method. The loading applied, however, will greatly influence the 
resting period for soil reaeration and may influence liquid loading rates 
(I.E.l.d*). 

For groundwater quality protection, the organic forms to be considered include 
carbon chloroform extractable and carbon alcohol extractable compounds as 
well as pesticides and foaming agents. There are few data on removal of 
these compounds by soils from applied municipal effluents* 

B.4.d Nitrogen Forms 

Nitrogen contained in wastewater may be present as: ammonium, organic, 
nitrate, and nitrite; with ammonium and organic usually being the principal 
forms, fii a nitrified effluent, however, nitrate nitrogen will be the major 
form, Belationsbips between these forms and renovation mechanisms for land- 
application treatment systems are explained in references fl25, 130, 141], 
Because nitrogen removal is sensitive to a variety of environmental conditions, 
monitoring of nitrogen concentrations/ts usually required. To avoid confusion, 
concentrations of each form should be expressed as nitrogen- 
Nitrogen is important because when it is converted to the nitrate form, it is 
mobile and can pass through the soil matrix with the percolate - fii ground- 
water, nitrates are lin itod to 10 mg/lby the proposed BPT criteria, while 
surface waters nitrates may also aggravate problems of eutrophication , 
Nitrogen loadings and removal mechanisms are discussed in Section 
(I-E.l.b-). 

B, 4^ e> Phosphorus ; , 

Phosphorus contained in wastewater occurs mainly as inorganic compounds, 
primarily phosphates, and is normally expressed as total phosphorus. * Phos- 
phorus removal is accomplished through plant uptake and by fixation in the soil 
matrix* The long-term loadings of phosphorus are important because the fixa- 
tion capabilify of some soils may be limits over the normal expected lifespan of 
the system (I-E- 1- cO- Phosphorus that reaches surface waters as a result of 
surface runoff or interception of groundwater flow may aggravate problems of 
eutrophication- Detailed discussions of phosphorus reactions in soil are con- 
tained in Bailey [9] and Reed llSOl - 

B,4*f> Inorganic Ions 

Inorganic chemical constituents in Vfl^water can present problems ^o land- 
application systems, through the effect of specific ions on the soU, plants, and 
groundwater. Irrigation requirements for chlorides, sulfates, boron, and car- 
bonates are detailed in Water Quality Criteria lllO, 1761. Concentrations of 
TDS, boron, sodium, chlorides, and carbonates that could cause various dele- 
terious effects on plants fire listed in Table 2. In most cases, the concentra- 
tions present in municipal wastewater are within these limits; however, a 
complete itiineral analysis of the wastewater should be conducted. Problems 
encountered from high boron concentrations and high sodium adsorption ratios 



Table d. WATER-QUALITY GUTOEUNES [7] 



Guideline vnlucs 



Problem and relnted constituent 
a 



No pi'oblom 



Increasing 
problems 



Severe 



Salinity'^ 

EC of Irrigation water, in milMmhoVcn 

Permeabilfty 

EC of irrigation water, mmho/cni 
SAR^fSodiuni adsorption ratio) 

Specific ion toxicity^ ^ 

From root absorption 

Sodium (evnluatc'by $AR) 

Chloride, me/l 
Chloride, mg/l 

Boron, mg/l 

From foliar absorption^ (sprinklers) 

Sodium^ me/1 
Sodiutlli mg/l 

Chloride, me/1 
Chloridei mg/l 

Miseellaneous^ 

JJq4^^} mg/l (or sensitive crops' 
3 

IICO^, me/l [only with overhead] 
HCOi ing/l Isprinklers j 



<0. 75 

>0.5 
<6.0 

<4 

<142 
<0.5 



<3.0 
<69 

<3.0 
<106 



<5 
<90 



0.75-3.0 

<o;5 



3.0-9.0 

4,0-10 
142-355 

0.5-2.0 



>3.0 
>69 

>3.0 

>m 



5-30 

1.5-8.5 
90-5ZO 



>3.0 

<0.2 
>9-0 

>9.0 

>10 
>355 

2.0-10.0 



>30 

>a.6 

>520 



pH 



Normal range = 



G.5-8.4 



a. Assumes water for Crop plus needed wnter for leaching rc<iuiremcnt (LID will be applied. Crops 
vary in tolerance to salinity. Hefer to tables for erop tole ranee and LR. minho/cm x 640 - 
approximate total dissolved solids (TDSI in mg/l x>r ppm: mniho x 1.000 = mieromhos. 

b* Most tree crops and woody ornamentals nre sensitive to sodmm an^ ehloride (use values sjiowi^. 
Most annual erops are not sensitive (use salinity toleranee tnbles). 

Leaf areas wet by sprinklers (rotating: heads) mny Rhow a leaf txirn due to so<hum or chloride 
absorption under loiv-humidiiy^ high-evapor.ition eonditions. (Evnporation Inereases Ion 
coneentratlon in water films on lensfes between I'otatlons of sprinkler heads.) 

d^ Exeess N may affect produetlon or quality of eCrtain crops^ e.g,i sugar beets^ eitiiis» grapesi 
avocados, apricots* ete. (1 mg/l N'O^-N - 2. 72 lb N/aere-ft of applied wnter.)' tlC03 wlth^ 
overhead ^sprinkler irrigation mny cause a white earbOnate deposit to form on fjutt a.id lehves. 

Note: Inter pre tnt ions are bnsed on possible effects of eon^tJtueiits on erops ami/or soils. Guidelines 
are flexible and should.be niotlified when warranted by local experience or speeial eonditlonB of 
eropi soil, and method of Irrigation. 
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are perhaps the most common; however, heavy metals and trace elements ^an 
also cause problems* Recommended maximum concentrations for trace ele- 
ments in Irrigation waters are given in Table 3, For groundwater quality 
protection, the constituents included in the BPT criteria are of importance. 

4. f . 1 . Heavy Metals and Trace Elements - Although some heavy metals 
are essential in varying degrees for p^ant growth > most are toxic > at varying 
levels^ to both plant life and microorganisms. The major risk to land treat- 
ment systems from heavy metals is in the long-term accumulation in the soil, 
because they are retahied in the soil matrix by adsorption, chemical precipita- 
tion> and ion exchange. Retention capabilities are generally good for most 
metaJf in most soils especially for pH values above 7, Page lll3l> Chapman 
l27), and Mortvedt (l07] have reviewed and discussed the fate and effects of 
heavy metals in soils^ 

Generally, ^z^c, c;opper> and nickel make the largest contributions to the total 
hea\7 metal content. Zinc is used as a standard for plant toxicity, with copper 
being twice as toxic and nickel being eight times as toxic [63], A "zinc equiva- 
lent" can thus be determined for these two metals. Research is continuing in 
an attempt to determine the relative phytotoxicities of other metals. For 
infiltration -percolation systems the effec ' i heavy metals reaching the ground 
"^^ter must be considered (see I-C. 2,e, ), 

B,4. f. 2, Exchangeable Cations - The effect of concentrations of sodi ^ 
cali^ium, and magnesium ions deserves special consideration. They are 
related by the sodium adsorption ratio (SAR), defined as [371: 



SAR = 



Na 



(1) 



ca Mg 



where Na, Ca, and Mg are the concentrations of the respective ion3 in milli- 
equivalents per liter of water. High SAR (greater than 9) values ma^ adversely 
affect the permeability of soils i?]. Other exchangeable cations, such as 
ammonium and potassium^ may also react with soils. High sodium concentra- 
tions in soils can also be toxic to plants, although the effects on permeability 
V 11 generally occur fir^^t (llOl, 

B,.4.i^-3^^ Boron Boron is an ess6ntial plant micronutrient hut is toxic to 
many plants at 1 to 2 mg/l (96). In addition to the limited plant uptake, boron 
can be rmoved f^om solution by adsorption and fixation iii the soil in the 
presence of iron and aluminium oxyjes [20], but only to a limited extent [l30l. 
Relative tolerances of various plants to boron are presented in references f27, 
37, 176], 
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Table 3* RECOMMENDED MAXIMUM CONCENTRATIONS OF 
TRACE ELEMENTS IN lERIGATION WATERS tlio]^ 



For use up to 20 years 
For waters us d continuously on fine-textured soils 

Qn all soil, of pH 6,0 io 8*5, 

Element ■ mg/l mg/1 

20.0 
2.0 
0. 50 

^ 2.0-10.0 



Aluminum 


&• 0 


Arsenic 


0. 10 


Tlarvll liim 


0, 10 


Boron 


0.75 


Cadmium 


0.010 


Chromium 


0. 10 


uooait 


Vt Ui>U 


uoppor 




Fluoride 


LO 


Iron 


5.0 


Lead 


5..0^ 


Lithium 


2.5^ 


Manganese 


0.20 


Molybdenum 


0.010 


Nickel 


0. 20 


Selenium 


0.020 


Zinc 


2.0 



0,050 
\ LO 



5.0 
5.0 

15.0 
20,0 
10.0 
2.5^ 

10.0 
0.050 
2,0 
0.020 

10.0 



c 



a. These levels ^^^U normally not ad\ersely affect plants ox soils. No data are available for 
mercury^ silver^ tin» titanium^ tungsten. 

b. Recommended maximum concentration for irrigating citrus is 0.075 mg/l. 

c. For only ^id fine^textured soils or acid soils with relatively high iron oxide contents. 
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B.4.g. Bacteriological Quality 



Microorganisms^_pviniarily bacteria, are normally present in large quantities 
in wastewater. The bulk of these microorganisms can be removed by conven- 
tional treatment, and the soil mantle is quite efficient in the removal of bacteria 
and probably viruses tiirough the p'-ocesses of filtration and adsorpticm [40, 43, 
44, 77 , 78, 143]. Problems may arise, however, in the actual supplication pro- 
cess, especially in spraying, where aerosols could present a health hazard 
(I-F,2,d.). High degrees of preapplication treatment, including disinfection, 
may be necessary, particularly in cases in which public access to the applica- 
tion area is alloft-ed. 

B> 4* h. Projected Changes 

The possibility of changes in wastewater characteristics should be investigated, 
both from the standpoint of projected future permanent changes and seasonal' 
variations* Changes in characteristics may reflect those in water supply and 
local industries. Seasonal variation^ may be the result of variations in water- 
supply charaoteristics, domestic use, industrial use, and population fluctuations- 
Adverse changes in wastewater mineral quality may require selection of alter- 
nate crops or changes in loading rates. 

B^4. i^ Industrial Components 

Industrial, components often present in municipal wastewater normally require 
special consideration because "jf the occurrence of abnormal concentrations of 
certain constituents and their influence on the overall wastewater characteris- 
tics. Industries that discliarge wastewater into municipal systems should be 
studied on the basis of: existing concentrations j seasonal variations, and ex- 
pected changes in the plant process which might affect wastewater characteris- 
tics. Industrial wastewater ordinances, generally aesigned to prevent discharge 
to sewers of elements and compounds in concern . ations to:sic to microorganisms, 
should be analyzed with regard to limiting the discharge of materials such as 
sodium or boron which may be to:sic to plants. Reference should be made to the 
Pretreatment Sta:^dards (40 CFR 128). 

B.4J, BPT Constituents 

The proposed BPT document [s] presents information and criteria on waste 
management alternatives for achieving best practicable treatment including 
land application, treatment and discharge, and reuse systems. Where land 
appli'^ation systems discharge to surface waters, the discharge quality criteria 
are tne same as for the conventlcmal methods. Where land-applicalicm effluents 
result in permanent groundwater, the BPT document sets forth guidelines for 
protection of the groundwater quality which include chemical, pesticide, and 
bacteriological constltutintii. Ihtso guidelines should be consulted for limitations 
on any constituents not discussed previously in this section. 
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Section C 

EVALUATION OF POTENTIAL SITES 



The process of site selection for land-application systems should include an 
initial evaluation on the basis of criteria presented in this section* The envir%>n- 
mental setting should be described and the individual site characteristicf: should 
be analyzed* Each site should then be reevaluated in light of considerations of 
treatment methods^ design, and expected ^mpacts* 

0*1* GENERAL DESORIPTION 

A preliminary step in site evaluation should be a general description of the land 
involved* The environmental setting should be described with emphasis on: 

• The Jocation of the site 

• The relationship to the overall land-u£^e plan 
•/ The proximity to surface water 

/• The number and size of available land parcels 

• Location and use of any existing potable wells (I-C.2.e. 6), 

0^1>a* Location 

The descrip^on of site location should include both the distance and elevation 
difference from the treatment plant or wastewater collection area* Both will 
affect the feasibility and economics of the transmission of the wastewater to the 
site* Any significant obstructions to transmission, such as rivers, freeways, 
or developed residential areas, should be noted* 

0*l*b* Oompatibility with Overall Land-Use Plan 

Of significant importance in site selection is the compatibilify of the intended 
use with regional land-use plans* The regional planners or the planning com- 
mission should be consulted as to the future use of potential sites* 

During a visit to the site, the current use, adjacent land use, and proximity to 
areas developed for residential, commercial, or recreational activities can be 
ascertained* On the basis of a review of master plans or discussions with local 
planners, the proposed future use, zoning, and proposed development of the ad- 
jacent area can be determined* 
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C.l.c. Proximity to Surface Water 



In many caaes, the proximity of the potential aite to a surface-water body may 
be of significance. For overland flow systems, and systems with underdrains 
or pumped withdrawal, discharge of renovated water to a surface-water body 
may be necessary. Jto such a case, the feasibilily and cost of transmission may 
become important considerations. The relationship of surface water to the 
overall hydrology of the area, and particularly to the groundwater, should be 
evaluated. Water-quality aspects and site drainage are considered later in this 
section . 

C.l.d. Number and Size of Available Land Parcels 

The relative availability of land at potential sites, together with the probable 
price per acre, must be defined early- in the evaluation. The number and size 
ci available parcels will be ttf significance, especially in relation to the coin- 
plexity of land acquisition and control — a subject that is discussed at the end of 
this section. 

C.2. DESCRIPTION OF ENVIRONMENTAL CHARACTERISTICS 

The environmental characteristics of a potential site that may affect the future 
selection of a land -application method and the subsequent design of the treat- 
ment system include: climate, topography, soil characteristics, geologic for- 
mations, groundwater, -and receiving water. The degree of detail required for 
the evaluation of any one particular characteristic is highly variable and depend- 
ent upon the size of the project and the severity of local conditions. This dis- 
cussion cannot cover all conceivable aspects, but the major environmental 
factors will be discussed. 

C. 2. a. Climate 

Local climatic conditions will affect a large number of design decisions including: 
the method Vf land application, storage requirements, total land requirements, 
and loading rates. Tbe National Weather Service, local airports, and univer- 
sities are potential sources of climatological data. The data base should en- 
compass a iodg enough period of time so that long-term averages and frequencies 
of extreme conditions can be established. Each of the climatic factors is dis- 
cussed in the following paragraphs. 

C . 2. a . 1. Precipitation - Analysis of rainfall data should be conducted with 
respect to both quantities and seasonal distribution. Quantities should be ex- 
pressed in terms of averages, maximums > and minimums for the period of 
record. A frequency analysis should be made to determine the design aimual 
precipitation, which will normally be the maximum precipitation values having 
a return period of a given number of years (the wettest year in a given number 
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of years). The plot of precipitation against return period on probability paper, 
a method commonly used to display the results of the frequency analysis^ is 
illustrated in Figure 2. Different return periods may often be used for the 
determination of liquid loading rates (I-E. 1. a) and the determination of storage 
capacity (I-E. 4.)' 

In cold regions, an analysis of the snow conditions with respect to depth and 
period of snow cover niay also be required. In most cases, except for some 
infiltration --per eolation systems^ periods of snow cover will necessitate storage 
of the efflueat for later application. 

C>2*a,2* Storm Intensities — An investigation of storm data for the period of 
record should be included in the precipitation stutty* A frequency analysis 



25 



20 



15 



10 




1. 1 0 2. 0 1 0 50 11 

RETURN PERIOD IN YEARS 



500 



Figure 2. Typical frequency analysis for total annual precipitation 
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should be performed to determine the relationship between storm intensity, 
duration, and frequencies or return periods. The design storm event can then 
be analyaied for tiie amount of runoff it would produce and the need for any 
runoff^ control features can be determined. ^ ' 

C . 2 0 a. 3. Temperature - Temperature analysis should include the range of 
temperatures during the various seasons. Maximum puriodt of freezing con- 
ditions, particularly periods in which the ground is frozen, are of special interest 
in determining periods of inoperation. The effects of temperature are of impor- 
tance in the selection of a land-application method, the design of the loading 
schedule, and in the determination of storage requiremecfts. For irrigation of 
annual crops, the probable early and late season frost dates need to be 
determined. 

C. 2. a. 4. Evapotranspiration — Evapotranspiration is the evaporation of water 
from the soil surface and vegetation plus the transpiration of water by plants. 
Evapotranspiration rates are dependent upon a number of factors, including 
humidity, temperature, and wind, and will significantly affect the water^balance 
in almost all cases. Topical monthly totals are available in most areas from 
the National Weather Service, nearby reservoirs, the Agricultural Extension 
Service, or Agricultural Experiment Stations. 

C, 2. a. 5. Wind - Analysis of wind velocify and direction may ,be required, and 
should contain seasonal variations and frequency of windy conditions. Wind 
analysis is of importance primarily for spray application systems, where windy 
conditions may require large buffer zones or temporary cessation of application. 

C.2.b.* Topography 

The topography of the site and adjacent land is critical to the design of land- 
application systems. Normally, a detailed topographic map of the area will be 
necessary for site selection and the subsequent system design. Topographic 
maps are available from the U.S. Geological Survey. Information to be gained 
from an analysis of the topography is listed in the following discussion. 

C. 2.b. 1. Ground Slope - Ground slope, usually expressed as a percentage, is 
an important site characteristic for the determination of the land treatment 
method and application technique. For example, the success of an overland 
flow system is highly dependent upon ground slope, and irrigation by flooding 



normally requires slopes of less than 1 percent. Foliated hillsides with slopes 
of up to 40 percent have been sprayed successfully with effluent (140, 142]./ 
Ranges of values for successful operation are given in Section B. I 



C . 2.b. 2. Description of Adjacent Land ^ The topography of land adjacent to the 
potential site should be included in the topographic evaluation. Of primary con- 
cern are the effects of storm runoff, both from adjacent land onto the site and 
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from the site onto adjacent lands and surface water bodies. Also of concern will 
be areas downslopo from the site where seeps may occur as a result of increased 
groundwater levels. 

C,2,b,3. Erosion Potential - The erosion potential of the site and adjacent land 
should be predicted, and any required corrective action outlined. Both waste- 
water application rates and storm runoff should be considered. The typical Soil 
Conservation Service <SCS) evaluation of soils includes an analysis of erosion 
potential, which is valuable ip determihg the possible extent of the problem. 

C>2>b>44 Flood Potential — The site topography should be evaluated and histori- 
cal data reviewed to determine the possibility of floodiug^n the site or adjacent 
areas. Sites prone to flooding, such as flood plains, may still be suitable for 
land application but normally only if the physical equipment Is protected and off- 
site storage is provided. 

C.2>b*5. Extent of Clearing and Field Preparation Necessary - The extent of 
clearing and field preparation is largely dependent upon the selection of latiU- 
appllcation method, the applicafion technique, and the existing vegetation. In^ 
eluded in the evaluation should be: ^ 

• The extent of clearing of existing vegetation (if necessary) 

• Disposition of cleared material 

• Necessary replanting 

• Earthwork required 

Some of this Information would be developed in detail in the environmental 
assessment. 

C,2*c. Soil Characteristics 

Soil characteristics are often the most important factors in selection of both the 
site and the land-application method. Definite requirements for soil character- 
istics exist for each of the method alternatives, with overland flow and 
infiltration^percolation having the strictest requirements. Information on soil 
characteristics can be obtained from the Soil Conservation Service, many uni- 
versities, and the Agricultural Extension Service. 

C^Z.cA* Type and Description - The soil at the potential site should be de- 
scribed in terms of its physical and chemical characteristics. Important fiiysi- 
cal characteristics include texture and structure, which are largely influenced 
by the relative percentages of the mechanical, or particle-size, classes (gravel, 
sand, silt, and clay)* Chemical characteristics which may be of importance 
are: pH, salinity, nutrient levels, and adsorption and fixation capabilities for 
various inorganic ions. The following^ series of tests is suggested; 
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• pH 

• Salinity or electrical conductivity 

• Organic matter 

• Total exchangeable cations 

• Levels of nitrogen, phosphorus, potassium, magnesium, calcium, 
and sodium 

• Percent of the base exchange capacity occupied by sodium, potassium, 
magnesium, calcium^ and hydrogen 

Reference is suggested to the University of California manual for analysis of 
soils, plants, and waters f26]* 

Infiltration and Percolation Potential - The poten*^-*ai the soil for 
both infiltration and percolation is of great importance in the site selection and 
selection of application method* Infiltration, the entry of water into the soil, 
is normally Repressed as a rate in inches per hour* Th^ rate generally de- 
creases with wetting time and previous moisture content of the soil; corse- 
quently, it should be determined under conditions similar to those expected 
during operation* Percolation is the movement of water beneath the ground 
surface both vertically and horizontally, but above the water table* It is normally, 
dependent upon several factors, includii^ soil type; constraints to movement, 
such as lenses of clay, hardpan, or rock; and degree of soil saturation* The 
limiting rate (either infiltration or percolation) must be determined and reported 
in inch/day (cm/day) or inch/week (cm/week)* 

The standard percolation test is not recommended for determination of infil- 
tration or percolation rates* The test results are not reproducible by different 
fieldmen ll82] and are affected by hole width, gravel packing of holes, depth of 
water in holes, and the method of digging the holes* More importantly, if sub- 
surface lenses exist, the water in the test hole will move laterally, wititthe 
result being a fairly high percolation rate* Designing a liquid loading rate on 
that basis would be disasterous because, when the entire field is loaded, the 
only area for flow is the few feet of depth to the lens times the field perimeter*^ 
Instead of using the percolation test, it is suggested that several or more of the 
following approaches be used as a basis of 'determining infiltration and perco- 
lation rates: (1) consultation with Agriculture Extension Ser/ice agents, state 
or local government soil scientists, or independent soil specialists; (2) engineer- 
ing analysis of several soil borings and soil classifications; (3) engineering 
analysis of soil profiles supplied by the Soil Conservation Service (SCS); (4) con- 
sultation with county agents, agronomists, or persons having farming experience 
with the same, similar, or nearby soils; and (5) experience from pilot studies 
on parts of the field to be used* 
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C.2.C.3. Profile ^The soil pro^ilej or relation of soil characteristics to 
depth, will formally be required for all site evaluations. Generally, the pro- 
file should hh determined to depths of 3 to 5 feet (0. 61 to 1. 52 m) for overland 
flow, at least\S feet (1. 52 m) for irrigation, and at least 10 feet (3,05 m) for 
infiltration-percolation. The underlying soil layers should be evaluated princi- 
pally for their r^ovatton and percolation potentials. Lenses or constraints to 
flow below these levels should be located. 

C.2^c. 4. Evaluation by Soil Specialists - In most cases, an evaluation by soil 
specialists will be neWssary to determine the overall suitability of the soil 
characteristics for thedntended use. SCS representatives, soil scientists, 
agronomists, and Agricultural Extension Service representatives are possible 
sources to be consulted. 




C.2.d. Geologic Formatio 



A basic description of the geologic cotiditions present and their effects should be 
required for all site evaluations. Infiltration-percolation sites and sites with 
suspected adverse geological conditions will require a relatively detailed analy- 
sis, while considerably less is required for most overland flow sites and many 
irrigation systems. Data on geological formations are available from the U. S. 
Geological Sutvqt, state geology agencies, and occasionally from SCS or u. S. 
Bureau of Reclamation publications , \ 

C.2.d.l. Type and Description - The geologic formations should be considered 
in terms of: the strjucture of the bedrock, the depth to bedrock, the lithology, 
degree of weathering, and the presence of any special conditions, such as glacial 
deposits. The presence of any discoatinuities , such as sink holes, fractures or . 
faults, which may provide short circuits to the groundwater, should be noted and 
thoroughly investigated. In addition, an evaluation of the potential of the area 
for earthquakes and their probable severity will often be of importance to thfe 
future design of the system. 

C>2.d.2. Evaluation by Geologists - In many situations, an evaluation by a 
geologist or geohydrologist will be necessary. The geologist will be of value 
both in the investigation of ttie geologic conditions and in the evaluation of their 
effects. Of primary importance in the evaluation are the effects of the geology 
on the percolation of applied wastewater and the movement of groundwater. 



C , 2. e . Groundwater 



An investigation of groundwater must be conducted for each site, with particular 
detail for potential infiltration-percomtion and irrigation sites. Evaluations 
should be made by the engineer to determine both the effect of groundwater levels 
on renovation ca abilities and the effects of the applied wastewater on ground- 
water movement and quality with respect to the BPT requirements- 
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C,2,e,X, Depth to Groundwater — The depth to groundwater should be determined 
at each slte,^ along with variations throughout the site, and seasonal variations. 
Depth to groundwater Is Important because It is a measitre of the aeration zone 
in which renovation of applied wastewater takes place. Generally, the ground- 
water depth requirements are; 

• Overland flow - sufficient depth not to interfere with plant growth 

• Irrigation — at least 5 feet (X. 52 u) 

• Inflltratlon^percolatlon — preferably 15 feet (4,57 m) or more 

r 

Lesser depths may be acceptable where underdralns or pumped withdrawal 
systems are utilized, ' 

When several layers of groxmdwater xmderlie a particular site, depths should be 
determined to each, unless th^ are separated by a continuous Impervious 
stratum. The quall^ and current and planned use of each layer should also 
be determined, 

C.2,e,2, Groundwater Flow — In most cases, the groundwater should be evalu- 
ated for direction and rate of flow and for the permeability of the aquifer. This 
evaluation may be unnecessary when percolation is minimal, as with an over- 
land flow and some Irrigation systems. For systems designed for high perco- 
lation rates, effects on the groundwater flow must be predicted. 

Additionally, data on aquifer permeablU^ may be evahiated, togeth^ with 
groundwater depth data, to predict the extent of the recharge moynd. Hie di- 
rection of flow is important to the design of the monitoring system and should be 
tracai to determine whether the groundwater will come to the surface, be inter- 
cepted by a surface water, or Join another aquifer, 

C, 2 . e, 3, Perched Water ^ Perclied water tables are the result of impermeable 
or semipermeable layers of rock, clay, or hart^an above the normal water table 
and m^ be seasonal or permanent. Perched water can cause problems for land- 
application systems by reducing the effective renovative depth. Sites should be 
investigated both for existing perched water tables and for the potential for de- 
velopment of new ones resulting from percolating wastewater. The effect of 
perched water tables should be evaluated, and the possibility of using xmder- 
drains investigated, A distinction should be made between permanent ground- 
water protected by impermeable strata and perchj&d* groxmdwater above such 
strata, 

C.2.e.4. Quality Compared to Requirements — The quality of the groundwater 
is of great interest, especially in cases in which it is used for beneficial purposes 
or differs substantially from the expected quality of the renovated wastewater. 
The existing qualify should be determined and compared to quality requirements 
for its current or Intended use. The proposed requirements for BPT[3] include 
limitatioiis for chemical constituent?, pesticide levels, and bacteriological 
quality asldiscussed in I-B,4. 



C>2.e.5. Current and Planned Use — Both current and planned use of the ground- 
water should be determined, and the quality requirements for the various uses 
detailed. The distance from the site to the use areas may also be of importance^ 
because further renovation may occur during lateral movement. 

C,2,e>6. Location of Existing Wells — Much of the data required for ground- 
water evaluation may be determined throu^ use of existing wells. Wells that 
could be used for monitoring should be listed and their relative location described. 
Historical data on quality^ water levels^ and quantities pumped that may be 
available from the operation of existing wells n>ay be of value. Such data might 
include seasonal groundwater-level variationslas well ^s variations over a 
period of years. Logs containing soil data maybe available from the drillers 
of these wells, and this information could augment data from soil borings or 
geological maps. It should be noted that much information on private wells can 
be obtained only with the owner's consent. Determining ownership and locating 
owners can be difficult and time-consuming. 

C,2>f. Receiving Water {Other than Groundwater) 

Land -application systems in which renovated water is recovered ^ particularly 
overland flow systems ^ may require discharge into a receiving surface water 
body. Such a discharge would require a permit under the National Pollution 
Discharge Elimination System ^PDES). If the receiving water is designated 
as effluent limited, the requirements for secondary treatment apply. If the 
receiving water is designated as water -quality limited, pursuant to Section 303 
of P,L. 92-500^ treatment must be provided consistent with the established 
water-quality standards. Included in the evaluation should be descriptions of: 
the type of body (iake^ stream^ etc.), its current use and water quality^ pre- 
scribed waters-quality standards and effluent limitations, and water-rights 
considerations. Special water-quality reqiiirements and other considerations 
may exist when the potential receiving water is an intermittent stream. The 
current use of the water^ together with its prescribed water-quality standards, 
will determine the degree of treatment necessary by the land -application system. 

Water-rights considerations may require that certain quantities of renovated 
water be returned to a particular water bddy^ particularly in the western states. 
Jsi cases in which a change in method of disposal or point of disch£i3:ge is contem- 
plated^ the stat^ agency of other cognizant authority should be contacted, and 
the status of all existing water rights thoroughly investigated. 

C*3, METHODS OF I>AND ACQUISITION OR CONTROL 

After potential sites have been selected^ alternative methods of land acquisition 
or control should be assessed. Alternative methods include; (1) outright pur- 
chase of land with direct control, (S) appropriate lease of land with direct control^ 
(3) purchase of land with lease back to farmer for the purpose of land application, 
and (4) contract with user of wastewater* An appropriate lease would be one in 
which the investment of funds for construction of the land -application system 
would be protected and direct control of the effluent application would be retained 
by the municipality or district. 



39 

52 



The selection of an acquisition and control method is highly dependent on the 
selected method of applicr on. Infiltration-percolation and overland flow sys- 
tems normally require a l^gh degree of control and may often be suitable only 
it outright purchase of the land is possible. Because land control requirements 
are more flexible for irrigation systems, the leasing of land to agricultural 
users may be possible. Leasing of required land is often best suited to pilot 
studies and temporary systems. 

Grant eligibility has not been considered id the discussion of these methods* 
For land acqliisition to be eligible for a construction grant, under P. L. 92-500, 
the land in .st be an integral part of the treatment process or is to be used 
for ultimate disposal of residues resulting from such treatment. 
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Section D 

CONSIDERATION OF LAND-APPLICATION ALTERNATIVES 



On the basis of the project objectives and the characteristics of the selected 
potential sites, various methods of land application should be considered. 
Alternatives can be classified into three main groups! irrigation, infiltration^ 
percolation, and overland flow or spray-runoff* These alternatives differ 
considerably, with respect to both use for different objectives and require- 
ments for site characteristics. Each method is shown schematically in Figure 
3. The various possible uses for land -application approaches following some 
initial treatment are compared in Table 4. These objectives, should then be 
related to the project objectives (I-A). Site characteristics discussed in th^ 
previous section that affect alternative selection will be briefly related to 
each of the three alternatives in the following presentation. 



Table 4. COMPARISON OF IRRIGATION, OVERLAND FLOW, 
AND INFILTRATION-PERCOLATION OF MUNICIPAL WASTEWATER 



Type of approach 



Objective 


Irrigation 


Overland floiv 


Infiltration - 
percolation 


Use &B a treatment process ivith 
a recovery of renovated v/ater^ 


recovery 


50 to 80% 
recovery 


Up to 97% 
recovery 


Use for trcatjnent beyond 
secondary; 








1^ For BOD5 and suspenticd 
solids removnl 


984% 


924% 


85-S9% 


2, For nitrogen removal 




70-90% 


0-50% 


For phosphorus removal 


80-99% ' 


40-80% 


00-95% 


Use to groiv crops for sale 


Excellent 


Fair 


Poor 


Use direct recycle to the 
land 


Complete 


Partial 


Complete 


U^e to recharge ground^^vatcr 


0-70% 


0-10% 


Up to 97% 


Use in coid climates 


Fair^ 




Exeeltent 



a, Perc^inlage of applied virnter recovered depends upon recovery teclmlquo and the 



climate, 
b* i?ependent upon crop uptnke. 

c. Conflietlng data^-vroods irrigation acceptable, cropland Irrl^ittion marginal. 

d. iRsuffielent data> 
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Figure 3. Methods of land application 
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D.l. IRRIGATION 



The most common method of treatment by land application is irrigation. It is 
the controlled discharge of effluent, by spraying or surface spreading, onto 
land to support plant growth. The wastewater is *'lost'' to plant uptake, to 
air by evapotranspiration, and to groundwater by perc^'.rMon. Liquid loading 
rates up to 4 inches (10. 2 cm) per week on a seasonal basis and 8 feet (2. 44 m) 
per year on an annual basis are in this categorj'. Systems with liquid loading 
rates exceeding these {other than ovi^rland flow) are normally considered to be 
of the infiltrations-percolation type. 

The range of suitable site characteristics for irrigation systems is wide. The 
major criteria generally considered preferable are as follows: 

• Climate - warm-to-arid climates are preferable, but more severe 
climates are acceptable if adequate storage is provided for wet or 
freezing conditions. 

• Topography - slopes up to 15 percent for crop irrigation are accept- 
able provided runoff or erosion is controlled, 

• Soil type -loamy soils are preferable, but most soils from sandy 
loams to clay loams are suitable. 

• Soil drainage " well-drained soil is preferable, however, more 
poorly drained soils may be suitable if drainage features are included 
in the design. 

• Soil depth - uniformly 5 to 6 feet (1. 52 to 1. 83 m) or more through- 
out sites is preferred for root development and wastewater renovation. 



• Geologicfformations - lack of major discontinuities that provide short 



circuits to the groundwater is necessaxy. 

Groundwater -^Inimum depth of 5 feet (1. 52 m) to groundwater is 
normally necessary to maintain aerobic conditions, provide necessary 
reaovation, and prevent surface waterlogging. May be obtained by under- 
drains or groundwater pumping. 



D. l.a. Purpose of Irrigation 

The suitability of a particular site, a particular effluent, and the future design 
of the system will uend, to a large d^ree, on the intended purpose of irriga 
tion. Three distinct purposes have been identified. 
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♦ Optimization of crop yields 



♦ Maximization of effluent application 

# Landscape irrigation 

Each purpose is defined and major design considerations are Introduced in the 
material that follows: 

D^l^a.l, Optimization of Crop Yields —Irrigation systems designed for this 
purpose are often used in situations in which effluent is offered to fiarmcrs lor 
their own use. The application rate for the effluent is based only on the needs 
of the crop; normally, no more effluent is applied thau is necessa.ry for opti- 
mum crop yield. Relatively wide variations in application rales usually occur 
as a result of seasonal variations in crop moisture demfind and seasonal 
precipitation. Consequently, fjotsil land and storage requirements may be 
relatively high. Operation wiUiout purchase of land for irrigation may be 
possible through contracts with users of the wastewater. 



D.l. a. 2. Maxiigfaation of Effluent Application - In irrigation systems designed 
for maximum effluent application, considerably higher loading rate3 may be 
used than are required for crop groi^'th. Crops of lesser economic value may 
be chosen on the basis of their water tolerance, nutrient uptake, or tolerance 
to certain wastewater constiti*ents. Greater amounts of percolation may also 
be plained for, as design liquid loading rates will exceed the plant 
requirements. 

Forestland irrigation systems can also be designed for maximum effluent 
application. The greater suitability of forestland to cold-weather operation 
may result in a more evenly distributed loading schedule and ^an reduce 
storage requirements. However, the long-range nutrient removal capabilities 
of forest systems are generally less than for most field crops. 

Forestland irrigation can result in the succession of water-tolerance species in 
place of naturally occurring vegetatipn. This occurrence should be considered 
in the environmental assessment. 

D.l.a. 3. Ijandscape Irrigation - Irrigation of turf, especially in rworeational 
areas, such as parks and golf courses, requires special consideration. The 
condition of the turf is normally of primary importance, and application rates 
must be adjusted for this purpose. Public health considerations are also of 
great importance, with high degrees of treatment prior to application, includ- 
ing disinfection, normally being required. Additional measures, such as- 
irrigation during off-hours, are often necessary. 
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D^l.b. AppIieatiQn Techniques 



Three application techniques are employed in irrigation systems (Figure 4); 

• Spraying 

♦ Ridge and furrow 
t Flooding 

Topography, aoll conditions, weather cont ^ons, agricultural practice, and 
economics are tactors to be considered in technique selection. General 
design features for each technique are described in reference (125, 184]. 

D. l.b.l. Spraying " Spraying involves the application of effluent above the 
ground either through nozirJes or sprinlder heads. Other elements of the 
system include: pumps or a source of pressure, supply mains, laterals, and 
risers. Design of a system can be quite variable; it^*; bo portable or per- 
manent, moving or stationary. Spray systems are the most efficient for 
uniform flow distribution, but such systems are also generally the most expen- 
sive. High wind, a problem common to spray irrigation! systems, ddyersely 
affects efficieuey of distribution and can also spread a^rJaol mists. Hydraulic 
design factors for ispraying systems are included in references [114, 115, 155]. 

£). 1. b. 2 Ridge and Furrow - Ridge and fUrrow irrigation is accomplished by 
gravify flow of effluent through furrows, from which it seeps into the ground. 
Utilization of this technique is generally restricted to relatively flat land, and 
extensive preparation of the ground Is required. The operating cost is rela- 
tively low, and the technique is well suited to certain row crops. Uniformity 
of distrlb'ition, however, is fairly difficult to maintain unless the grading of 
the land is nearly perfect [1841. 

D. l.b.3. Flooding - Irrigation by flooding is accomplished by inundation of the 
land with several inches of effluentr Descriptions of tlie various flooding 
techniques are contained in Wastewater T r eatment and Reuse by Land Applica- 
tion (1251 . The choice of crop is critical because it must be able to withstand 
periods of inundation with the technique. TTie depth of applied effluent and 
period of flooding are dependent upon the characteristics of the soil and the 
crop grown. 

D.2. INFILTRATION-PERCOLATION 

In this form of treatment, wastewater may be applied to the soil by spreading 
or spraying. Renovation is achieved as the effluent travels through the soil 
matrix by natural physical, chemical, and biological processes. Effluent is 
allowed to imUtrate at a relatively high rate, and consequently less land is * 
required for the same volume than for the two other alternatives. The major 
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RAIH DROP ACTION 
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(b) FLOODING 




(C) RIDGE AND FURROW 



Figure 4. Irrigation techniques 
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portion of the wastewater percolates to the groundwater, while most of the 
remainder is lost through evaporation. 

Important criteria for site selection include: geologic conditions, soil con- 
ditions, and groundwater depth and movement. Because of the high rates of 
loading, the geologic conditions and status of the groundwater are relatively 
more Important than in irrigation or overland flow systems. 

Thomas recommends that a depth of 15 feet (4.55 n*) from the surface to the 
natural groundwater be considered a minimum [166] , and Bouwer recommends 
that the groundwater recliarge mound should not be allowed to rise closer to 
the soil surface than a distance of about 4 feet (1.22 m) [19]. Lesser depths 
may be suitable under special conditions; however, a lesser degree of reno- 
vation becomes much more probable. The use of an artificial drainage system, 
such as pumped withdrawal, should be considered as a means for increasing 
groundwater depths. 

Well-drained soil is critical to the success of an infiltration-percolation sys- 
tem. Acceptable ^oils include sand, sandy loams, loamy sands, and gravels. 
Very coarse sand and gravel are not ideal because they allow wastewater to 
pass too rapidly through-the first few feet where the major biological and 
chemical action takes place [l25]. Consideration shouid be.given to the infil- 
tration surface, which may be planted, overlain with graded sand or gravel, or 
left plain. Seasonal variations in temperature and precipitation should also be 
considered in determining application rates, 

P.2>a. Purpose of Infiltration-Percolation 

Wastewater treatment systems employing infiltratioa-per eolation may be de- 
signed for three purposes: groimdwater recharge; recovery of r^ovated water, 
using wells or underdrains; and interception of renovated water by a surface 
water body. 

P.2.a.l. Groundwater Recharge — fii systems designed for this purpose, all of 
the infiltrated wastewater is allowed to percolate directly to the groundwater. 
A mound in the water table will be created under 'the infiltration area, conse^ 
quently reducing tlie renovative distance. Grcmndwater recharge may be used 
for improving poor groundwater quaIiV> ^or limiting salt-water intrusion, or 
merely as an efficient method for treatment and disposal of wastewater. 

For the renovated water, the qualify requirements for groundwater are given 
in the BPT document [s] , The potential fpr meeting these guidelines depends 
upon the soil characteristics, loading rates and cycles, management techniques, 
and wastewater characteristics {I-B.4), 

P*2.a.2. Pumped Withdrawal — Jsi cases in which the BPT requirements 
cannot be met or the groundwater is of poor quality, renovated water may be 
directly withdrawn from the zone of saturation for reuse. Additionally, 
pumping from wells, or a system of underdrains, can be used to reduce the 
extent cS. the recharge mound in the water table, thereby increasing renovation 
distance. 
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D> 2. a. 3> Interception by Surface Water - Infiltration-percolation systems may 
be designed for situations in which the renovated water moves vertically and 
laterally and is subsequently Intercepted by a surface water body. This consti- 
tutes an indirect discharge to the surface water body. 

D. 2. b. Application Techniques 

Spreading and spraying are two application techniques that are suitable for 
infiltration-percolation. Factors which should be considered in the selection of 
the application technique include; soil conditions^ topography^ climate^ and 
economics. 

D.2.b. 1. Spreading - Infiltration-percolation by means of spreading is perhaps 
the simplest of the land -application techniques. It is also the technique least 
affected by cold or wet weather. Several basins are normally used and periods 
of flooding are alternated with periods of drying. Application using the ridge 
and furrow technique has also been accomplished fl25]. 

D, 2>b.2. Spraying - Application of effluent at high rates employing spraying 
has been accomplished. High-rate spray irrigation systems^ where the loading 
rate exceeds 4 inches (10. 2 cm) per week> are included in this category. Nor- 
mally> vegetation is necessary to protect the sui^face of the soil and to preclude 
runoff.' Hydrophytic or water -tolerant grasses are usually chosen. Spraying 
of forestland may also be considered for infiltration-percolation. 

OVERLAND FLOW 

Wastewater treatment by this method has been practiced primarily by food- 
processing industries^ but il appears quite suitable^ under certain conditions^ 
for municipal wastew iter. It is nevertheless still in the experimental stage 
with regard to municipal systems in this country at this time. 

Renovation is accomplished by physical* chemical, and biological means as 
wastewater flows through vegetation on a sloped surface. Wastewater is 
sprayed over the upper reaches of the slopes and a high percentage of the 
treated water is collected as runoff at the bottom of the slope* with the remain- 
der being lost to evapotranspiration and percolation. Important criteria for site 
selection include: soil conditions* topograpby* and climate; with tho most im- 
portant being soil conditions. Soils with minimal infiltration capacity* such as 
heavy clays* clay loams* or soils underlain by impermeable lenses* are re- 
quired for this method to be effective. Soils with good drainage characteristics 
are best suited for other land-application methods [125] . 

A mantle of 6 to 8 Inches (15 . 2 to 20. 3 cm) of good topsoil is recommended 
1 1301. A sloping terrain is necessary tSTdlow the applied wastewater to flow 
slowly over the soil surface to the runoff collection system. Slope distance is 
a function of the spray diameter* loading rate, and degree of renovation 
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required. The degree of slope depends on the existing topography and the eco- 
nomics of earthwork; however, slopes of 2 to 4 percent are preferred. 

D.3.a. Purpose of Overland Flow 

The piurpose of the overland flow system, and the intended disposition of its 
renovated water, will affect both the site selection and the design of the system. 

D,3.a>l. Discharge to Surface Waters — Collected runoff from most overland 
flow systems is discharged to surface waters. Renovated water is collected at 
the toe of the slope in cutoff ditches or by similar means and channeled to a 
monitoring point before being discharged. The proximity of the site to a re^ 
ceiving water body and the method of transmission of renovated water to the 
discharge point should be considered in the design of such a system. 

For a surfece water discharge the renovated water must meet the minimum of 
secondary treatment requirements or effluent limitations based on water-quality 
standards. As shown in Tables 4 and 12 (H-D), the system is capable of a high 
degree of treatment. To meet the fecal coliform standards, however, disinfec- 
tion of the collected water may be necessary. 

D . 3 > a . 2 > Reuse of Collected Runoff — Although largely untried, treated water 
from overland flow may be utilized by industry for irrigation or in recreational 
impoun<3inents. Storage maybe necessary if continuous use is not possible* 
Overland flow systems designed for this purpose may be desirable in certain 
water-short areas and at sites where transmission of runoff to a receiving 
surface water body is impractical or uneconomical. 

D.3.b. Application Techniques 

Spraying is the application technique used most commonly for overland flow 
systems. Flooding between borders has been used in Melbourne, Australia [76] 
but only for 6 months of the year* Factors that should be considered in the 
selection of the application technique include: topography^ suspended solids 
in the wastewater, agricultural practices, and economics. 

D.3.b,l. Spraying - Spraying is the only application technique presently prac- 
ticed in this country. Wastewater is applied on the upper reaches of the slope 
and is allowed to flow downhill. Spraying may be accomplished by means of 
fixed sprinklers or rotating boom-type sprays. 

D,3>b,2. Flooding — Application by flooding or other surface techniques in 
overland flow systems has not been demonstrated in this country, but it has 
been practiced successfully in Melbourne, Australia. If high concentrations of 
suspended solids are present, settling in the upper reaches niay cause an odor 
problem. Because uniform distribution is critical, flooding may not be suc- 
cessful unless care is taken to produce an extremely smooth terrace with no 
cross slope* 
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D,4, COMBINATIONS OF TREATMENT TECHNIQUES 

Wastewater ti*eatment systems must often be designed to meet a wide variety 
of demands under an equally wide variety of conditions. Land application 
offers possibilities of various combinations of techniques that may be useful in 
the solution of a particular treatment problem. Combinations may include 
either several land-application techniques or land application logether with 
in-plant treatment, bicreased felxibility of the overall system and increased 
complexity of operation are side effects of treatment combinations which 
should be considered. _ _ 

P. 4. a* Combinations of Lancl-Application Techniques 

Combinations of land--application techniques may be desirable when dealing 
with problems of differences in si,te characteristics (either within one large 
site or between a number of sites), seasonal weather variations, or impact 
minimizdtion on a particular area. They may also be useful in adapting land 
application to present land use; for instance, using a portion of the wastewater 
to irrigate an existing golf course. 

P.4.b, Combinations with Ih-Plant Treatment 

Combinations of land application with in-plant treatment and receiving water 
discharge may be advantageous in certain situations, especially if operating 
costs of in-plant treatment are high. The most obvious advantages of this 
type of combination can be seen in cold-weather regions where large storage 
requirements may make land application an undesirable alternative. Partial 
in-plant treatment could be used prior to land application in summer months, 
with full jln-plant treatment and surface water discharge used in the winter 
months [iSO], Combinations for other purposes maybe worth Investigating. 
Stormwater storage or treatment systems may also be integrated mto 
combined wastewater management systems, 

D.5. COMPATBILITYWITH SITE CHABACTERISTICS 

The success of a land-application system will depend upon the compatibiUty of 
the selected treatment alternative to the project objectives, climate, and site 
characteristics- To ensure compatibility, it is necessary to reevaluate the 
alternative selection by proceeding stepwise through the flow chart* (Figure 1 
in the Introduction), reviewing each consideration. 
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Section E 
DESIGN CONSIDERATIONS 



Design considerations will differ greatly depending on whether irrigation, 
infiltration-percolation, or overland flow is selected. The major considerations, 
which are discussed in this section, include: 



• 


Loading rates 




Land requirements 


• 


Crop selection 


• 


Storage requirements 


• 


Preappii cation treatment requirements 


• 


Management considerations 


• 


Flexibility 


• 


Design reliability 



The key issues involved in delineation of these design factors are identified and 
discus sed« 

1. LOADING RATES 

To determine what characteristics of the wastewater will be limiting, balances 
should be made for water, nitrogen, phosphorus, organic matter, or other con- 
stituents of abnormally high concentration (as determined under I-E.4)* On 
the basis of those balances, a loading rate can be established for each parameter. 
Each loading rate should then be used in calculating the require(i ,laod area and 
the critical loading rate is the one requiring the largest field area, 

E.l,a. Liquid Loading/Water Balance 

TJie elements considered in a water balance are: 

• Effluent applied 

• Precipitation 

• Evapotranspi ration 
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• Percolation 



• Bunoff 

The interrelation sHip^ between the elements of the Water balance for irrigation, 
infiltration-percolation, and overland flow are discussed in the following 
subsections* 

Irrigation - For Irrigation systems, the amount of effluent applied plus precipita- 
tion should equal the evapotranspiration plus a limited amount of percolation. In 
most cases, surface runoff from fields irrigat^with municipal effluent will not 
be allowed or must be controlled. The water balk^ce will be: 

Station * fppS = Evapotranspiration + Percolation (2) 

Seasonal variations in each of the above values should be taken into account. It is 
suggested that this be done by means of evaluating the water balance for each 
month as well as the annual balance, Tt^is method is illustrated in Example No. 1. 

The value for design precipitation should be determined on the basis of a frequency 
analysis of wetter than normal years (I-C. 2. a* 1. ) . The wettest year in 10 is sug- 
gested as reasonable^n most cases; however, it is prudent to check the water 
balance using the range of precipitation amounts that niay be encountered. For 
purposes of evaluating monthly water balances, the design annual jirecipitation 
can often be distributed over the year by means of the average distribution, which 
is the average percentage of the total annual precipitation that occurs in each 
month. Again, the range of monthly values that may be encounter^ should be 
analyzed, especially for the months when the storage reservoir id,full. 

i' 

Evapotranspiration will also vary from month to month, however, the total for the 
year should be relatively constant. The amount of water lost to evapotranspiration 
each month should be entered in Equation 2. 

Percolation includes that portion of the water, which after infiltration into th^^ 
soil, flows through the root zone and eventually becomes part of the groundwater. 
The percolation rate used in the design should be determined on the basis of a 
number of factors (I-C.2.c*2.) including; soil characteristics, underlying geo- 
logic conditions, groundwater conditions, and the length of di^ring period required 
for satisfactory crop growth and wastewater renovation* The actual percolation 
rate will vary with soil temperature throughout the year; however^ for design 
purposes, it is often possible to assume a constant rate. 

When irrigating in arid climates, it is rlecessai^r to remove the salts that accumu- 
late in the root zone as a result of evaporation* Some amount of percolation is 
necessa):y to accomplish this leaching. Ayers [7] has calculated the leaching 
requirements for various crops> depending upon crop tolerances (I-E.3*) and 
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total dissolved solids In the effluent King and Hanks have investigated the 
possibility of controlling the quality of return flows by varying the timing of irri- 
gation applications and have developed a mathematical model that may prove 
valuable for situations in which TDS control is necessary. 

EXAMPLE No* 1 - Determine the water balance for an 

irrigation system. ^ 

Assumptions ^ 

1. T^he design precipitation is for the wettest year in 10, with average 
monthly distribution. 

2, Average monthly evapotranspiration rates are used; these are derived 
from the Agricultural Extension Service. 

3. The site is mostly flat and level. ^ 
4* The soil is a deep sandy loam. 

5, The crop is coastal Bermuda grass. 

6* Storage will be provided for a portion of the flow during the winter. 
7. Runoff, if any, will be collected and stored for reapplication. 
Solution - Computations and results are presented in Table 5. 

1. From a curve similar to Figure 2, the design annual precipitation for 
the wettest year in 10 is found to be 13 in* (33. 0 cm). The precipita- 
tion is distributed over the year on the basis of average distribution and 
entered into Column 5 in Table S . 

2, Average monthly evapotranspiration rates are entered into Table 5 in 
/ Column 2. 

3» On the basis of soil and geological evaluations^ the design percolation 
rate is determined to be 10 in. /mo (25 cm/mo) and entered into Col- 
umn 3. The total water losses are determined by adding Columns 2 and 
3 and entering the sum in Column 4. 

4, Using Equation 2^ the design precipitation is subti^acted from the total 
water losses to determine the amount of effluent to be applied (Column 6). 
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"^Tables. WATER BALANCE FOR EXAMPLE NO. 1 



Water losses Water applied 



Effluent 





Evapo- 




Total, 




applied* 


Total, 




t ran sii lYAt ton ^ 


Pp 1*^ a1 ikt E An * 
ir^L ^ lib i VI 1 1 


In. 


P r cf li Itat ion * 


In. 


In. 


Month 


In. 


in. 


m + £3) =- 


in. 


(4) - (5) = 


(5) + (6) = 


£1) 


(2) 


(3) 


(4) 


(5) 


£6) 


(7) 


Jan 


0.7 


10.0 


10.7 


2.3 


8.4 ^ 


10.7 


Feb . 


L5 


10.0 


11.5 


2.3 ' ' 


9.2 ' 


1L5 


Mar 


3. 1 


10,0 


13. 1 


2.1 


11.0 


13.1 


Apr 


3.9 


10.0 


13.9 


1.6 


12.3 


13.9 


May 


5.2 


10.0 


15. a 


0.4 


14.6 


15.2 


Jun 


6.5 


10.0 


16.6 


0.2 


16.3 


16.5 


Jul 


7.0 


10.0 


17.0 


0. 1 


16,9 


17.0 


Aug 


6.5 


10.0 


16.5 


Trace 


16.5 


16. & 




4.4 


10.0 


14.4 


0.2 


14.2 


14.4 


Oct 


3.9 


10.0 


13.9 


0.6 


13.3 


13.9 


Nov 


1.5 


10.0 


11.5 


1,0 


10.5 


11.5 


Dec 


0.8 


10. 0 


10.6 


2,2 


6.6 


10.6 


Total 














annual 


45.0 


120.0 


165.0 


13.0 


152.0 


165,0 



Kotet X inch » 2.54 cm 



Comnieats 

1. The maximum application of effluent will be less than 4 in./wk (10 cm/wk) 
and will occur in July. 

2. If the effluent available equals effluent applied on a yearly basis, then 
152 inVyr divided by 12 months/yr equals 12. 7^ inches of effluent would be 
available each month (see Example No, 3), * 

3. Storage would be required for a portion of the flow for each month in which 
the effluent available exceeded the effluent applied. In this case, storage 
would be required from approximately mid November to mid ApriL 

4. The annual liquid loading of 152 inches (386 cm) would place this land- 
application system above the normal loading range for irrigation of 24 to 
96 inVy^ (61 to 244 cm/yr). 

5. ^ The results obtained from this process would be utilized in the determi- 

nation of land requirements (I-E, 2, ) and storage requirements (I-E. 4, ), 
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IhfiltratioD-Percolation Hie elements of the water balance fcr infiltration- 
percolation systems are the same as for irrigation {see Equation 2), Direct 
runoff is not designed ihto such systems. 

For low-rate applications involving ev apo rat ion "per eolation ponds, evaporation 
from the pond surface will be a significant factor. For these systems, the applied 
effluent should balance the net evaporation (total evaporation minus precipitation) 
plus the estimated percolation rate under saturated conditions. Saturated condi- 
tions should be used because normally the soil surface is constantly inundated, 
and the infiltration rate becomes significantly reduced over time. This reduced 
infiltration rate jiubsequently limi^ the movement of water through the soil* 

For higher rate syfet^s and systems with intermittent applications, percolation 
is the major factor, wttlx,evaporation accounting for 10 percent or less of the 
effluent applied. Precipitation is significant in humid climates and is analyzed in 
the same manner as irrigation, using a frequency analysis of the available data. 
In arid climates, the precipitation should not be omitted, because it often all oc- 
curs in a few winter months. 

Overland Flow — Typical loading rates range from 0.25 to 0.7 In. /day 
(0,64 to 1.78 cm/day) [125]. For yjear-round operation, the correspmding 
amount of effluent applied would range f^om 8 to 20 ft/yr (2.44 m to 6.10 m/yr)* 
The water balance should be made mainly to determine the amount of runoff to 
be ejqjected. The water balance equation for overland flow is; 



Design precipitation and ev apo transpiration values are determined in the same 
manner as for Irrigation systems. Losses to percolation will generally be in the 
order of 0. 1 in. /day (0.3 cm/day) or less. Percolation rates should be estimated 
under saturated or nearly saturated condition«. The runoff rate can be deter- 
mined as the known values are entered into Equation 3. A typical range of runoff 
values is from 40 percent (of the applied effluent plus precipitation) in the summer 
to 80 percent in the winter t32> 56, 85l . 

F ..b. Nitrogen Mass Balance 

A total nitrogen balance is almost as im|}ortant as a water balance^ because, 
nitrate Ions are mobile in the soil and can affect the quality of the receiving ^ 
water. On an annual b,asis, the applied nitrogen must be accounted for in ci^p 
uptake, denitrifi cation^ volatilization, addition to groundwater or surface wiitor^ 
or storage in the soil. ^ 
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E.l^b.l* Total Annual Load - The total nitrogen Jload is necessary because all 
^orms - organic, ammonia, nitrate, and nitrite - interact in tlie soil. The 
total nitrogen loading will be: | 

(4) 




where 

N = annual nitrogen loading, Ib/acre/yr 

C ~ total nitrogen concentration, mg/l 

h ~ annual liquid loading, ft/yr 



or: 



N = O.ICL (5) 



where 

L 

N - annual nitrogen loading kg/ha/yr 

C,= total nitrogen concentration, mg/l 

^ L = annual liquid loading, cm/yr 

E. l.b. 2. Total Annual Crop Uptake - The nitrogen uptake of most crops has been 
determined fropi greenhouse and field studies using *resh water for irrigation. 
Typical uptake values are given in Table 6 . It should be noted that nitrogen up- 
take values may be higher v;hen wastewater is applied instiead of fresh water onlv 
because more nitrogen is available. 

For land-application systems, few nltr<^en uptake values for crops currently 
exist It is e^qpected that definitive values will be established in the near future. 
Nitrogen uptakes for plants not listed in T-Jble 6 can generally be obtained from 
Agricultural Extension Service agents. 

When more than one crop per year is grown on one field, the total nitrogen uptake 
for the entire year should be determined. Nitrogen removt by crop uptake is a 
function of crop yield and requires the harvesting and physical remo-'Ui of the 
crop to be effective. 

E, l.b. 3. Penitrification and Volatilisation - The extent of denitrify cation and 
volatilization depends on the loading rate and characteristics of the wastewater to 
be applied, and the microbiological conditions in the ac*^^ve zones oi the soiL 

Volatilization'bf ammonir. '-viirnot be significant for effluentt* with a pH less than 
7 or for nitrified effluents. For irrigation systems, denit r if i cation is generally 



Table 6 . TYPICAL VALUES OF CROP UPTAKES OF NITROGEN 



Crop 


Nitrog^en 
uptake^ 
IbAci-e/yr 


Referenees 


Alfalfa 


155-220 


54 


Red clover 


77-125 


54, 1 


Sweet clover 


158 


1 ■* 


CoasUl Bermuda grass 


4 BO-50 V 


127 


Corn 


\ 155 ' w 


1 

54 


Cotton 


\ 55-100 


1. 30 


Fescue 

/ 


275 > 


1 


Milo maize 


81 


1 


Reed cannry ^ assj 


225-359 


32, 1 


Soybeans 


94-113 


54, 1 


Wheat A 


50-75 


54, 1 



^Notc: 1 Ib/acre/yr = 1* 12 kg/ha/yr 



of miDOr importance, depeDf^ing upon the soil, the application rata, and the crop. 
Hwt [67] suggests that denitrification may be a significant nitrogen r^ioval 
mechanism for overland flow systems because observed v^movals cannot be 
accounted for solely by crop uptake. 

For high-rate infiltration -percolation systems, denitrification is the only signifi- 
cant mechanism of nitrogen removal from the system. By managing the hydraulic 
loading cycle to create alternately anaerobic dnd aerobic conditions, Boiwer [20] 
obtained up to 80-percent nitrogen removal as a combined result of ammonia 
adsorption and denitrification during most of the period of inundation. Over a 
4-year period the calculated removal was 30 percent at a loadmg rate of 
21,000 Ib/acre/yr (23,450 kg/ha/yr). Witfiout special management techniques, 
overall nitrogen removal may only be 10 percent or lesF, [82, 97]. 

E.l.b.4. Addition to Groundwater or Surface Water — The soil mantle cannot 
hold nitrogen indefinitely, although organic nitrogen ot^x be stored in the soil 
to a certain extent. The ammonium an^ organic nitrogen is ultimately converted 
to nitrate nitrogen, which can leach out of the soil. Unless nitrogen is taken 
up by crops and physically removed by harvesting, or the nitrates are converted 
.0 nitrogen gas by denitrification, the nitrogen will appear eventually m the 
iimoff or percolate. 
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E. I.e. Phosphoruses^ Bal:tnce 
^ 

Phosphorus is removed from percolating wastewater by fixation and chemical 
precipitation. For irrigation, the phosphorus loading will usually be well below 
the capacity of the soil to fix and precipitate the phosphorus. Typically, less 
than 20 percent of the phosphorus applied is utilized by the crop and the remainder 
stays in the topsoil (l30l . Soil column tests are frequently conducted to deter- 
mine the fixation capacities of the soil; hmvever, the results of these tests should 
be used with caution because long-term behavior and the effects of time cannot be 
duplicated in a short-term test. 

For overland flow systems, the removal mechanisms for phosphorus are crop 
uptake, microbial i5)take, and fixation by the soil. Because only a small portion 
of the effluent applied infiltrates into the soit^nd crop uptake is small, removal 
efficiencies are generally low, ranging reportedly from 35 percent at Melbourne, 
Australia (76), to 50 percent at Adai Qklahoma (l64l. For infiltration- 
percolation systems, fixation and chemical precipitation in the soil are respon- 
sible for phosphorus removal. As with irrigation, the capacity of the^soil to 
remove phosphorus can be estimated from laboratory tests. This capacity can be 
quite high even for sandy soils with relatively low fixation capacities. Bouwer 
[21] reports 95 percent removal after 200 feet (61.0 m) of travel at a loading of 
21,000 Ib/acre/yr (23,450 l^/ha/yr). 

E, l.d, '^rganic Loading Rates 
_ 

The average daily organic loading rate should be calculated from the liiiuid loading 
rate and the BOD concentration of the applie^ cjffluent. Thomas (l63, 165) has 
estimated that between 10 and 25 ib/acre/day (11*2 and 28.0 kg/ha/day) are 
needecl to maintain a static organic- matter content in the soil. Additions of 
organic matter at these rates help to maintain the tilth of the soil, replenish the 
carbon oxidized by microorganisms, and would not be expected to pose pro*olems 
of soil clogging. Higlier loading rates can be managed, depending upon the type of 
system and the resting period. 

Irrigation - Using the range of 10 to 25 Ib/acre/day (11. 2 to 28. 0 kg/ha/day) of 
BOO as a reference, the addition of 2 Ib/acre/day (2.2 kg/ha/day) or less from 
cypical secondary effluent applied for irrigation will certainly not pose a prob- 
lem of organic buildup in the soil. When primary effluent is used, organin load- 
ing rafes may exceed 20 Ib/acre/day (22*4 kg/ha/dayj without causing problems 
(125) • 

Resting periods are standard with most irrigation techniques. These periods 
give soil bacteria time to break down organic matter and allow the water to drain 
from the top few inches. Aerohfc conditions are thus restored as air penetrates 
into the soil* Resting periods for spray irrigation may range from less than a 
day to 14 days, with 5 to 10 dacys being common (65 K The resting period for sur- 
face Irrigation can be as iong as 6 weeks but is usually betwec 6 and 14 days 
1X30) • The re^tij-g period depends upon the crop, the number of individual plots 
in the rotation cycle, and management considerations. 



Infiltration -Percolation Organic loading is an important ^riteri on for infiltration 
systems^ because it is related to the development of anaerobic conditions. To 
meet the c^q^gen demand created by the decomposing oi^ganic and nitrogenous 
material, an intermittent loading schedule is required. This allows air to pene- 
trate the soil and supplies oxygen to the bacteria that oxidize the organic matter 
and ammonium. ' 

Bouwer [20) reports BOD loadings of 45 Ib/acre/day (50.4 kg/ha/day) using sec- 
ondary effluent and a liquid loading of 300 it/yX {91. 4 m/yr). The application 
cycle consisted of loading for 14 days, followed by 10 days of resting in the sum- 
mer and 20 days of resting in the winter* Additional information on loading rates 
and resting periods may be found in Wastewater Treatment and Reuse by Land 
Application 1125] . 

Industrial wastes have been loaded successftiUy on infUtration-percolatlon sys- 
tems at 150 Ib/acre/day (168. 1 kg/ha/day) of BOD [^25l . Thomas (165) reports 
BOD loadings of 166 Ib/acre/day (186, 1 kg/ha/day} of septic tarsi: effluent with 
organic residues in the soil of less than 16 Ib/aere/day (17.9 kg/ha/day). He 
reports that this high loading can be used on sandy soils for e?rtenda2 periods 
without resulting in the detrimental accumulation of organic residues in the soil, 
and that during a 10-year period of (deration, ovi^^Ac residues in the- soli would 
increase by no more than 3 percent of the weight oJt th^top^fi4noKes (15. 2 cm) of 
good mineral soil. -^-^^ — ^ — ^ 

Overland Flow - The limits of organic loading for the overland flow method are at 
present undefined. High-strength organic wastes have been treated at BOD load- 
ings of 40 to 100 Ib/acre/day (44. 8 to 112 kg/ha/day) (125) , Kirby (76) reports 
that the grass filtration system at Melbourne, Australia, is loaded ,at 68 lb/acre/ 
day (76. 2 kg/ha/day) of BOD with a 96-percent removal efficiency, Thomas [l64] 
reports 92- to 95-percent removal of BOD at loadings of 14 to 18 Ib/acre/day 
(15- 7 to 20. 2 kgAa/day) with higher removals observed at the higher organic and 
liquid loading rates. Higher organic loading rates can probably be used. 

Because the organic matter is filtered out by the grass^ litter, and tq)SOil, £trd 
is reduced by biological oxidation, the organic content of the soil is not affected 
substantially. 

However, high organic loadmgs may limit treatment efficiency as a result of the 
combination of effects of BOD and liquid loading on the creation of anaerobic con- 
ditions* Because overland flow fenctions in a manner similar to a trlckliiig filter, 
intermittent dosing has been used successfiUly with 3 to 8 hours on and 6 to 18 
hours off [125] . In Australia, continuous dosing has been used for up to 6 months 
with the remaining 6 months for resting [76] Provisions should be made to vary 
the resting period, depending on climatic conditions, ha: - ^sting requirements, 
and insect control considerations* 



E,l,e. Loadings of Other Constituents Suspended and dissolved solids are the 
two major types of remaining constituents of interest for land -application sys- 
tems. Effects of these constituents vary with the type of system. 

Large concentrations of suspended solids can clog the components of the distri - 
bution system and reduce the infiltration rate into the soil. As a result, pre- 
application treatment for suspended solids reduction may be necessary (see 
I-E,5). The organic fraction of the suspended solids when applied to the land is 
degraded as described previously for BOD. The inorganic or mineral fraction of 
the suspended solids is filtered out and becomes incorporated into the soil. 

Dissolved solids in wastewater may be classified by the extent of their movement 
through the soil. Chlorides, sulfates, nitrates, and bicarbonates move relatively 
easily through mostsoilswith the percolating water. These compounds can 
therefore be leached with applications of wastewater or with rainfall- 

Other dissolved solids, such as soditan, potassium, calcium, and magnesium, 
are exchangeable and react within the soil so that their concentrations in the per-^ 
colating water will change with depth. Other constituents, such as heavy metals, 
boroa, fluoride, and other trace elements or pesticides, may or may not be re- 
moved by the soil matrix^ depending upon such factors as clay content, soil pH, 
and soil 3mical balance. On the basis of the analysis of wastewater character- 
istics (i^w.^>and the BPT requirements for groundwater protection, any 
constituent suspected of having a limiting loading rate should be identified. 
The loading rate of that constituent should then be calculated, and the resultirig 
land requirement (as discussed next under I-E.2.a.) should be compared to 
the areas calculated for liquid or nitrogen loadings* ^ ^ 

Irrigation — Different wastewater constituents may be limitingJir^irrigaUon design, 
depending on the objectives, crops, and climate involved. If crop yield or land- 
scape enhancement is the major objective. Water Quality Criteria [176] and 
Chapman [27] sliould be consulted to determine the optimum levels of various 
elements for the particular plant and the possible effects of levels other than 
optimum on plant quality and yield. Local farm advisers and Agricultural Exten- 
sion Service agents may be contacted for evaluation of aniticipated special 
problems. 

When maximum effluent application is practiced, the crop selected should be able 
to tolerate the particular wastewater at the loadings intended. The concentrations 
of wastewater components will not usually limit the design loadings, provided there 
is no probability of groundwater contamination by the percolate . If such a danger 
exists, provisions such as underdrains should be considered. 



Infiltration -Per eolation — Becaus\of the high liquid loadings involved, the load- 
ings of constituents id even low concentrations can be considerable. Soils used 
for infiltration -percolation usually have little capacity to retain soluble salts and 
may retain only portions of the heavy metals and phosphorus. The concentrations 
of constiti/ents, such as sodium, chloride, or sulfate, allowable in the renovated 
water may affect the design hy requiring special controls on the use of the reno- 
vated water. / 
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The TDS and hardness of the percolating water may increasp as a result of a 
lowering of the pH of the water. Reid [l32] reports a TDS increase of 11 percent 
and a hardness increase of 30 percent at the 8-foot (2. 4-m) ^epth at Whittler 
Narrows, Califoraia. It has been suggested that the pH drop from about 7,0 to 
approximately 6. 6 has been caused by nitrification [132] • Bouwer [20] reports 
only a 4 percent increase in TDS, which he "related to evaporation (3 percent) and 
pH drop (1 percent). A pH drop, whether caused by nitrification or carbon dioxide 
generated during BOD oxidation, can result in dissolution of calcium carbonate, 
resulting in an increase in hardnesL and TDS. 

Overland Flow - Because a discharge of effluent that must meet or exceed treat- 
ment criteria is usually involved in an overland flow system, the removal of vari- 
ous wastewater constituents is important* The grass and litter in an overl?nd 
flow system serve to filter out suspended solids but have little effect on dissolved 
solids* The loadings of most inorganic constituents will not limit the design of 
overland flow systems, although some increase in TDS niay occur if evapotranspi- 
ration exceeds precipitation* 

E.2* LAND REQUIREMENTS . - 

The total land area required includes allowances for treatment; buffer zones; 
storage, if necessary; sites for buildings, roads, and ditches; and land for emer- 
gencies or future expansion. If any oh-site preappli cation treatment, such as 
screening, sedimentation, biological or chemical treatment, or disinfection, is 
required, an allowance must be made for the land needed for these facilities. The 
computation of land requirements is illustrated in Example 2, 

E.2. g , Field Area Requirement - The field area is that portion of the land- 
application site in which the treatment process actually takes place* It is deter- 
mined by comparing the areas and is calculated on the basis of acceptable loading 
rates for each different loading parameter (liquid, nitrogen, phosphorus, organic, 
or others, based on BPT requirements for groundwater protection) and then 
selecting the largest area* Tlie loading parameter that corresponds to the 
largest field area requirement would then be the critical loading parameter . 
The field area requirement based on the licmid loading rate is calculated by: 



Field Area (acres) = ijJi^Q (6) 

where 

Q = fiowrate, mgd 

L = annual liquid loading, ft/yr 




or: 



Field Area (hal = (7) 

wbero 

Q = flowrate, i/$ 

L = annual liquid loading, cm/yr 



For loadings of constituents such as nitrogen tlie field area requirement is 
calculated by; 

?ieJd Area (acres) - (8) 

h 

where 

C = concentration of constituent, mg/l 
Q = Howrate, mgd 

L - loading rate of constituent, Ib/acre/yr 
c 



or; 



Field Area (ha) = ^^^^ 



where 



C = concentration of constituent, mg/l 

Q = nowrate, 1/s 

L ^ loading rate of constituent, icg/ha/yr 
c 



Once the field area has been determined and the critical loading rate has been 
identified^ the resulting new loading rates for the other loadiDg parameters should 
be coniputed. 

A distinction should be made between field area and wetted area. Field area 
represents the area of the treatment system, The term wetted area refers to the 
area to which IjqtfTd is directly applied, either the area "covered by the diameter 
of the spray or the area inundated by surface application. The significance of 
this difference varies with the treatment method. 




IrrigatiOD — For spray irrigation, the wetted area may vary from 75 to loO 
perc^t of the field area [l3l] * The percentage will depend upon the shapes of 
the jHelds, the sprinkler discharge patterns, and the degree of spray overlap. 
The highest ratio of wetted area to field area (0 . 95-0 . 99) occurs with flood and 
ridge and furrow systems . 

Bif 11 tration -Percolation — The wetted area should be nearly equal to the field 
area for most infiltration-percolation systems. For constructed spreading 
basins, considerable land may be lost in side slopes of the basin levees. 

Overland Flow — Terminology for overland flow l^ydraulic loadings and acreages 
has not been standardized. Loadings are most often reported in inches per day 
applial to the total field area. Field area represents the sum of the area under 
sprays and the runoff area. The wetted area ^rea under sprays) is significantly 
less than the field area for current designs using spray application. 

Thomas [l64] reports a wetted area of 25 percent of the field area> while wetted 
areas of 40 to 45 percent of field areas have been reported for industrial 
systems [l25j . It should be noted that more than 25 percent of the land in 
the Paris, Texas, overland flow system does not function as either wetted 
area or runoff area but is undeveloped [56] . 

The length of th^ downhill slope beyond the spray perimeter will vary with the 
climate, degree of treatment required, and ttie wastewater characteristics. 
Thomas [l64] reports 88 feet for comminuted domestic wastewater in Ada> 
Oklahonia> with corresponding BOD removal efficiencies of 92 to 95 percent. 
Gilde [56] repoits that 95 feet (29.0 m) is adequate and_50 feet ^5.2 m) is the 
minimmn for cannery wastewater with BOD removal efificiencies gi^ater than 
99 percent. A (jpical range would be one to two spray diameters beycmd the 
spray perimeter . 

E.2>b> Buffer Zone Allowance 

Althou^ there is little actual data concerning aerosols* there is considerable 
concern about the effects of aerosol-borne pathogens. Therefore, application 
of effluent by spraying may require buffer zones or other measures to ensure 
that aerosols are contained on the site. Buffer zones ranging from 50 to 
200 feet ^5.2 to 61.0 m) wide have been reported [l25], althougji requirements 
for even larger buffer zones may exist. The size of the buffer zone that may be 
required is dependent on a number of factors, and will generally be controlled by 
the cognizant public health authority (t-F.2,d). 

E,2,c. Land for Storage 

Irrigation and overland flow systems will generally require off-season or winteir 
storage* Storage may also be useful to equalize flowrates or to provide emer- 
gency backup. The land required for storage lagoons or ponds may be consider- 
able, especially in the northern states. Even in semiarid Abilene, Texas, 
18 percent of the 2, 019 acre (817 ha) irrigation farm is used for storage ponds [l25] . 
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Infiltration percolation systems incorporating spreading basins can usually 
operate throughout the year, if the limiting loading rate was established for 
winter conditions. 

/ 

E,2.e. Land for Fut ure Expapsion or Emergencies 

Area for potential foture expansion of a land-application system should be con- 
sidered in the planning stage* If it is known that the adjacent land is planned 
for development and will be unavailable for feture use, the system should not 
be referred to as a long-term solution. Often* it is prudent to obtain excess 
* land for emergency use. Such things as excessive rainfall, breakdown of pre- 
application treatment operations^ or natural disasters would constitute 
emergencies* 

EXAMPLE No* 2 - Calculate the land requirements for a 
one mgd (43. 8 1/s) Irrigation system. 

Assumptions 



1, The design liquid loading rate is 152 in. /yr (386 cm/yr) from 
Example No. 1, or 12.67 ft/yr (3.8C nVyr). 

2, On the basis of the nitrogen balance, the nitrogen loading rate is 
determined to be 650 Ib/acre/yr (740 kg/ha/yr). The average total 
nitrogen concentration in the effluent from preaf¥>lication treatment 
is 18 mg/1* 

3. Concentrations of TDS and boron, and the SAR, are within an accept- 
able range < 

4. A buffer zone of 150 feet (45* 7 m) is required around the perimeter o: 
the site. ~ / 

5, A 145 acre-foot (179, OOO cu m) storage reservoir (from Example 
No< 3) of 10 feet (3. 05 m) average depth is included on the site. A 
dike of 50 feet (15*2 m) average width surrounds the reservoir. 

6. A total of 4 acres (1*6 ha) is irequired for buildings, roads, ditches, 
and other miscellaneous items. 



7, Preapplication treatment facilities exist off -site. 

Solution 1 

1- The field area required, based on the liquid loading rate is computed 
from Equation 6: 

Field area « ^'^lui/^'^ " 88.3 acre3 (35.7 ha) 
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2, 



The field area required, based on the nitrogen loading rate, is computed 
from Equation 8: 



A comparison of the two field area requirements shows that the liquid 
loading rate is controlling; therefore the actual field area required is 
88.3 acres (35.7 ha). 

3. The area required for storage is; 

Area of reservoir = l^L^S^zft « 14.5 acres f5* 9 ha) 

Assuming that the reservoit' is rectangular with sides of 1, 000 and 
650 feet (305 and 198 m), the area required for the dike is approximately 
4 acres {1. 6 ha). The total area required for storage is then 18* 5 
acres (7. 5 ha). 

4* The subtotal of the area r^luired is: 

Total Field Area ' 88.3 

Storage - 18. 5 

Buildings^ roads, ditches, etc. 4.0 



110.8 acres {44.8 ha) 

Assuming that this area is rectangular with sides of 3 , 000 and 1, ecTO, 
feet {914 and 488 m), the area required ^or the buffer zone is approxi- 
mately 34 acres {13. 8 ha). The total area required for the systeij is 
then approximately 145 acres {59 ha). 



Co'giments 



The result of this process is only aa approximation of the total land 
requirements. A more detailed analysis would require that a prelimi- 
nary layout or site plan be made so that topographic irregularities and 
irregularities in the shape of the land parcel could be taken into account. 

In this example, a factor of safety was not applied to the calculation 
of field area, nor was extra land included for future expansion or 
emergencies. 



65 

78 



E,3. CROP SELECTION 

I 

Proper crop selectiOD is of great importaDce Id the desigu of irrigatiOD systems, 
and to a lesser degree, of overland iLaw i:)ystems. It may also be of importance 
for infiltration -percolation systems in which vegetation is grown on tha infiltra- 
tion surfiace. Factors that should be considered include; (1) relationship to 
critical loading parameter, (2) public health regulatiouS, (uy ease of cultivation 
and harvesting, and (4) the length of the growing season. The four general 
classes of crops that may be considered are; - 

• Perennials (forage or firuit crops) 

• Annuals (Held crops) 

• Landscape vegetation 

• Forest vegetation 

For irrigation systems from which maximum crop yields are desired, the crops 
considered shoidd be indigenous to the area. Any exceptions to this recommen- 
dation should have a sound agronomic basis. For high-rate systems in which 
water tolerance of the vegetation is necessary, plants that are not indigenous to 
the area may be grown successfully. In any case, the plants should be compati- 
ble with tlie climate and growing season. 

E. 3.a. Relationship to Critical Loading Parameter 

Loading rates developed in the previous section should be related to the toler- 
ances and Intake capacities of the intended crops. Compatibility of the loading 
rates with the potential crop is important to ensure both the survival of the crop 
and the efficiency of wastewater renovation. In many cases, crop selection will 
be dependent oa a combination of loading parameters, including (1) water re- 
quirement and tolerance, (2) nutrient requirements,^ tolerances, and removal 
capability, and (3) sensitivl^ to various inorganic ions. 

Water Requirement and Tolerance - Potential crops may be selected on the basis 
of their suitability to the hydraulic conditions that will exist. The objective is to 
find a crop able to withstand wetter -than -normal conditions and a soil that is 
frequently saturated. This may be the case particularly in overland flow and 
infiltration-percolation systems. The soil characteristics, particularly as re- 
lated to the infiltration and percolation capacity, will greatly affect the ability of 
the potential crop to withstand these conditions. Consultation with Agricultural 
Extension Service representatives, agronomists, or local farmers may be nec- 
essary to determine crop tolerances. In cases in which crop selection is based 
on other criteria, the liquid loading rate may require adjustment on the basis of 
the water requirement of the chosen crop. 
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Nutrient Requirements, Tolerances, and Removal Capabilities - Frequently, a 
crop may be selscted because of its removal capacity for essential nutrients, 
particularly nitrc^en and phosphorus. Although nutrient removal through crop 
uptake and subsequent harvesting is most effective in irrigation systems, it is 
also of significance In overland flow systems. K required, removal capacities 
for many specific elements, such as boron, zinc, and copper, may be found in 
Reed 1 130] for agricultural crops and Sopper [148, 150l for trees. Typical crop 
uptake values of nitrc^en are shown for a number of selected crops in Table 6, 

Potential adverse effects on crops from high concentrati^as of nutrients should 
alSL be considered, particularly when the quality of the crop is of great impor- 
tance. Excess nitrogen, for example, may cause excessive plant height, late 
maturation of fruit, and other problems in plants such as grapes E130]. Con- 
sultation by the engineer with agronomists or Agricultural Extension Service 
representatives may be necessary to determine nutrient requirements and toler- 
ances, including seasonal variations. 

Sensitivit^to Inorganic Ions — Crop selection must often be based on tolerance 
to the various inorganic ions present in the applied wastewater or to those ions 
fliat may build up in the soil after a number of years. Toxic levels of boron and 
high salinity are the most common problems. The long-term buildup of various 
heavy metals to toxic levels should be considered. The reduced response in 
terms of percent yield decrement for various crops in arid and semiarid climates 
to conductivity levels is shown in Tables 7 and 8. Additional data on tolerances 
of various crops to certain elements and descriptions of toxic ejffiects may be 
found in Chapman [27] and references [1, 110, 125, 130, 1761. Suggested toler- 
ance levels for heavy metals for various crops may be found in Melsted [991. 

E,3.b. Public Health Regulations 

Various state public health regulations exist with regard to: (1) the types of 
crops tJiat may be irrigated with wastewater; (2) the degree of preapplication 
treatment required for certain types of crops; and (3) the methods of applica- 
tion tJiat may be employed. As of 1972, at least 17 states had such regulations 
ll56l, which vary widely in several respects. Generally, however, most states 
prohibit the use of untreated sewage or primary effluent on vegetables grown 
for human consumption, while some states allow irrigation of vegetables with 
highly treated, oxidized, and disinfected effluent [1251* Contradicting regulations 
exist for the irrigation of pasturelands, recreational lands, and other areas 
(160). State public health officials or other applicable authorities such as the 
FDA should be consulted for existing regulations and guidelines. The literature 
review of public health effects by Sepp [143] may be helpful to the engineer, par- 
ticularly in states in which regulations are incomplete or do not exist. 

E. 3, c. Ease of Cultivation and Harvesting 

The ease of cultivation and harvesting of the selected crop may be of importance, 
particularly for systems in which operation is to remain as simple as possible. 
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Table 7, YIEUD DECREMENT^O BE EXPECTED FOR 
FIELD CROPS DXJE TO , SALINITY OF IRRIGA- 
TION WATER WHEN COMMON SURFACE 
METHODS ABE USED* 
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a. From Reference (7)* / ' 

b. £Cc means electrical conduct tvKy/of saturation e;<tract tn mlUtmhos per contfmct«r ^mho/cm); 
£Cw mo^ electrical conductivity of Irrigation water On mmbo/cm). TDS b mg/L « £CwX 640. 

e+ ECdw shows maximum eoncentaratton of salU In drainage water permissible for growth. to calculate leaching 
requirement (LR = ECw/ECdyjc loo " %) to maintain needed ECe tn active root area; Leadilng R^utrement (LR) 
means that fraction of tbo [rogation water that must be tea^hod througjb the active root xone to control soil salinity 
at a specified level. ' ' 

KOTE; (Jonvorilon ECe to ECw assumes a three-fold eonoontration of salinity in ecii solution (ECew) In the 
more active pan of the root zone due to cvapotranapiratton* ECw x 3 « ECswi KCsw <^ 2 « EC^. 

d. Tolerance durbg germination ^eU) or early socdttng stag» (tvheat, barley) Is Umttod to eC^ about 4 ,mmbo/om« 



Because the soil may often be saturated, the operation of farm machinery may 
be difficult or may cause excessive soil compaction, necessitating the ^selejcjt^pn^^ 
of a crop retiuiring little field maintenance, S'alection of a perennial ctop^oy^ii, 
an annual crop to avoid ^"""ft^ field preparation and planting may be worth ex- 
amining, 

E, 3, Length of Growing Season 

The Ifength of the growing season should be considered for potential crops, along 
with seasonal variations in wa^^or requirements, and nutrient uptake. Storage 
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requirements and renovation efficiency at certaiiartunes of the ye^r will be af- 
fected by the choice* The advantages of pepenSials, which have fi^ly developed 
root systems at the beginning of the gnawing season, should be compared to the 
advantages of annual crops that maj^^have higher yields or economic return* 
Cultivation of more than one^a^Ual crop per year may be possible^^ 

E,3, e. Landscape Requirements 

The irrigation of landscape vegetation is a special case in which the vegetation 
may already exist, or the choice may be limited tc^ a few species of a particular 
type. The most common type of vegetation is gi^ass, especially for parks and 
golf courses, where the condition of the turf is usually more important than the 
renovation of wastewater* In cases in which land^^cape vegetation is among the 
crop optipns, the reduction in the use of potable water and aesthetic and recre- 
at!i6naf advantages should be balanced against the potential increased preappli- 
cation treatment requirements and loading rate restrictions^ 

E*3*f, Forestland 

Forests offer another crop option that ^requires special consideration. Most 
commonly, existing forestlands can be used; however, new forest areas may be 
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established, with species selected on the basis of their suitability to land appli- 
cation* General information on the use of forestlands for land application is 
contained in Cunningham (31] and Kazlowski (741. Information on nutrient up- 
take, growth responses, and general suitability is available for a limited num- 
ber of tree species in ref "^nces [1, 130, 148]. 

E.4.' SI^OEAGE REQUIREMENTS 

In almo'^t all land-application systems, storage facilities will be required. Re- 
quired, capacities may range from less than one day's storage to 6 months'. * 
The primary considerations in determini'^ storage capacity are the local cli- 
mate and the design period of operation; however, storage for system backup 
and flow equalisation should also be considered. The possibility of a secondary 
use of tne stored wastewater should be lnvess:igated. 

E.4.a. Length wi Operating Sea son and Climr^te 

Most often, the storage requirements will be bgised on the period of operation^ 
and the clxmatep Three different conditions can be encountered that necessitate 
storage: 

• IVinte^ weather irequiring ces'^ation of operation 

• Precipitation requiring the t*mporary reduction or cessation of 
application 

• Winter weather requiring reduction of winter application rates 

^Generally, the most convenient method ox determining the storage requirement 
^s by means of an eirtension of the monthly water balance (L E, 1, a, ). This 
metnod is illustrated in Example 3 for a hypottietical system in wMch a portion 
of the ^ow m>ist be stored during the wiater months when application rates are 
reduced. 

When cessation of operation resulting from winter weather is ex^^ected, ? orage 
requirements should be based on the maximum expected period of nonopv.ation.. 
The maximum period should be based on a frequency analysis of historical win- 
ter iveather data. Frost dates, periods ox frozen ground conditions, anf\ sno;/ 
civ er should also be considered. 

Temporary storage of wastewater niay often be neceisary when large amounts of 
precipitation prohibit normal application rates, because of the danger of un- 
tiunted runoff, or the effects of hydraulic ov ^ loading on crons and renovation 
efficiencies. The systen? should be evaluated to determine if excessive precipi- 
tation can be retained on the fields or if application should be ceased. Precipi- 
t**/on data should then be analyzed to determine the frequency of conditions 
reouiring temporary reduction or cessation of wastewat*^i aj^lication and subse- 
quent storage requirements. % 
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In cases where reduced application rates are.jiecessary fQr the winter season, 
an economic trade-off can be made between partial storage in winter versus 
acquiring more land foV winter application. For infiltration-percolation sys 
terns, cold - rather may ref ^ve only a reduction.in the application rate 
(I-E.2.C,), 

In calculations of storage requirements, it may often be necessary to assume a 
greater amount of piecipitation than was assumed for the ligun' loading evalu- 
ation (I-E.l, )- The amount of precipitation that must be ass^umed will depend to 
a large extent on the degree of reliability required for the particular system 
and the potential effects of reaching Qr exceeding the storage capacity in any 
given year. In some cases, it may be prudent to apply a factor-of -safety to 
the storage capacity (I-E, 9, e, 

EXAMPLE No, 3 ^Calculate tlie storage capacity requirements for 
a one mgd (43, 8 1/s) irrigation system. 

Assumptions 

1. Tl 9 design precipitation is the \vettest year in 50, with average 
monthly distribution, 

2. The total monthly water losses, including evapotranspi/ation a d de- 
sign percolation are the san> as in Example ^Io, 1. 

3. The actual field area is o3.3 acres (35. ? '.a) (from Example No. 2). 

4. The design year begins in Octol^er, at wliich time the storage reser- 
voir is empty, 

5. The flow of 1 mgd (43, 8 1/s) is constant throughout the year- 

Solution - Tlie calculation of storage requirements per acre of field area 
is sriown in TgMe 9. 

1, the effluent available per month is; 

I mgd X 30,4 day/mo X 36,8 Eicre-ln./mg 
Eff, available - ^ k^^e ^ 

= 12.7 in. /mo (32,3 cm/mo) 

\ 

which is entered into Column 2 of Table 9, 

2. From a curve similar to Figure 2, the design annual precipitation for, 
the wettest year in 50 is found to be 17. 0 in. (43.2 cm). The precip- 
itation is distributed over the year on the basis of average distribution 
aiid entered into Column 3, 
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Table 9. CALCULATION OF STORAGE VOLUME REQUIREMENTS ^ER 
' ACRE OF FIELD AREA FOR EXAMPLE \J0. 3 
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3, The total monthly water losses are taken from Column 4 of Table 5 and 
entered into Column 5'of Table 9. ^ 

4. The monthi} change ii, storage volume (Column 6 x>i Table 9) is com- 
puted by subtracting Column 5 from Column 4, 

5, The total accumulated storp^e {Column 7) Is computed by summing the 
monthly change in storage, 

6. The ma^in. m storage requirement is found to be 19. 7 in* {50, 0 cm) 
occurring In the month of April, This is converted to total storage 
volume b?: 

storage vol = ^^'"^ ^"^ ^if^ft ^^'^ " 145 acre ft (179,000 ou m) 
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1* In this example, it was assumed that the reservoir was empty at the 
beginning of tjie ".inter season* In actual practice, this may often not 
be the cose. Consequently, it may be wise to assume an initial amounc 
of storage, or to' assume back-to-bajcf: wetter-ihan-normal years if 
storage /olume is critical. 

2. In some cases, it may be possible to ensure that the stored water is 
completely wi^drawn duiing the summer season for the storage design 
year. This may be posi^ible if design application rates ar^ chosen con- 
seinratively or if extra land is included for emergencies* ^ 

3. For example purposes, the calcuitjtion of storage requirements v as 
conducted^eparately from the calculation of the water balance (Exam- 
ple No, 1). It may often be convenient to combine these calculatious. 

4. Id *his example, a factor of. safety was not applied to the total storage 
volume. ^ 

E.4.b, For System Backup 

Storage requirements may be necessary for system backup or to preclude by- 
passing of wastewater during periods of mechanical failure, maintenance, power 
failure, or other problems. Storage for this purpose will add to the reliability 
and flexibility of the system. For systems in which storage requirements are 
otherwise small, requirements for system backup may be ci significance. Ccjn- 
sider^tion should be given to provision for gravity flow to storage backup facil- 
ities under conditions of power failure. For additional considerations, the 
technical bulletin on reliability [35] should be consulted. 

^,4, c. For Flow Equalization 

Storage of wastewater for flow equalization may be necessary if daily fluctua- 
tions in flow are significant and hinder the proper application of wastewater. 
The sustained peak flow {I-B,l, ) should be analyzed to determine the required 
storage. Consideration of storage requirements for thiP puipose is normally 
necessary only for systems for which no other storage requlretien^t exis*,. In 
most other cases, cfctiiy fluctuations in flow are easily absorbed in the larger 
storage capacities/fequired for other purposes, 

E,4>d, Secondary Uses of Stored Wastewater 

After storage requirements have been determined, the possibility of secondary 
use of the stored wastewater (prior to land application) should be investigated. 
The areas of potential use are highly dependent on the quality of the stored waste- 
water and the degree of preapplication treatment it has received* Perhaps the 
most noteworthy of the potential uses is as industrial cooling water. 
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5. PREAPPIJCATION TREATMENT REQUIREivIENTS 



The degree of treatment required prior to land application will depend upon a 
mimber of factors, including: (1) public health regulations, (2) the loading 
rate with respect to critical wastewater characteristics, and (3) the desired 
effectiveness and dependability of the physical equipment, It is conceivable for 
a system in which long-term winter storage is required that the degree of treat- 
ment determined from the preceding considerations will not be adequate to pre- 
vent odors from developing in the storage ponds. In such cases, costs for 
increased treatment may be weighed against designing the storage ponds as 
stabilization ponds to prevent odor generation* 

Existing treatm^t facilities should also be evaluated, and other design criteria 
- particularly loading rates and crop selection - should be reconsidered in light 
of the preapplication treatment requiremepts* 

E,5*a* Public H^lth Considerations 

Public health considerations, and regulations (in states where they exist), are 
normally the most important factors in determining the required degree of pre- 
application treatments Factors that should be coniMdered include: 

* Type of crop g^vn r 

• Intende'l use of the crop 

# Degree of contact of the public with^^the effluent 
• . Intended secondary use^pf thp application area 

• Method of application i 

State regulations for treatment prior to irrigation differ considerably*' For ex- 
ample, the irrigation of certain crops to be eaten raw by humans may ^require 
either secondary treatment with disinfection or advanced wastewater treatment 
with disinfection^ or it may be prohibited altogether [156]* ^ State public health 
ojEficials should be consulted for existing Regulations and guidelines* As an 
illustrative example, the regulation? ^or California are included in Appendix E* 
in addition^ it may also be h*Jlpful to contact the FDA or other appropriate agen- 
cies, particularlyjs^bBnjJ^te-guidance is lacking or not complete* 

E . 5>b. Relationship to Leading Rate 



The degree of preapplication treatment glv^ the wastewater prior to application 
will often have a considerable effect on the loading rate, and the final quality of 
the renovated water* Of concern are those wastewater constituents that may tend 
to limit the application rate, or for which the degree of renovation by land 
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applicatibn is insuMcieiit* Concentrations of suspended solids must often be 
reduced to prevent soil clogging and land surface coating at design liquid loading 
rates. Concentrations of other constituents - such as BOD, nitrogen, phosphor- 
us, and various inorganic ions — may need to be reduced to prevent the effects 
of overloading and to ensure the required jguality of the renovated water* In 
many cases, liquid loading rates may be increased with no adverse effects on 
the renovated water quality, if the concentrations of various constituents are 
reduced. 

E. 5. c. Relationship to Effectiveness of Physical Equipment 



The effectiveness and dependability of the pumping and distribution system will 
be largely affected by the degree of preapplication treatment, especially with 
respect to reduction of suspended solids. High concentrations of grit and sus- 
pended solids may cause;^ (1) the clogging of sprinkler nozzles, (2) the scoj^ing 
of pump parts, and (3) sedimentation in pipes and conduits. High-pressure 
spray irrigation systems are normally the most susceptible to damage* Grease 
and oil can also cause maintenance problems in valves, pipelines, and sprink- 
lers. 

E.6. MANAGEMENT CONSIDERATIONS 

Management considerations should be kept in mind throughout the planning stage 
of the project. Factors that should be considered include: (1) system control 
and maintenance, (2) manpower requirements for operation and maintenance, 
(3) monitoring requirements, and (4) emergency procedures and safeguards* 
Detailed procedures should be incorporated into the Operation and Maintenance 
Manual, which is discussed in Part m* 

E,6,a, System Control and Maintenance 

The method and degree of system control and maintenance requirements should 
be evaluated for each of the prospective lan^K^pplication alternatives, Slystem 
control may he manual or partially automatifc,Mepending on the complexify of 
the systeui and the degree of variation expecfed^^n operatiJig conditions* Most 
systems will require direct control; however, for inrigation systems in wl^ch 
effluent is supplied to independent farmers, control in possible only through 
contract agreements* Maintenance requirements should be realistically assessed, 
with emphasis on dependability. of the system* ' 

E , 6*b, Manpower Requirements 

Manpower requirements are related directly to the methods of system control 
and the maintenance requirements. The approximate number of personnel re- 
quired should be determined, along with some indication of the necessary per- 
^ sonnel qualifications and training requirements* Tchobknoglcus [1621, as shown 
in Table 10, has estimated annual manhour requirements for hypothetical 1-mgd 
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(43 , 8 1/ s) land treatment systems- Staffing reqnirements are also discussed 
in references J49, 1201 * ' 



Table 10. ESTIMATED ANNUAL MANHOUR REQUIREMENTS FOR 
lAND-APPUCATION ALTERNATIVES WITH A DESIGN 
FLOW OF 1.0 MGD^ [162]^ 



Annual manhours 



Overland Infiltration- 



Category 


Irrigation 


flow 


percolation 


Supervisory*' 


416 


416 


416 


Clerical 


104 


104 


104 


Laboratory 


416 


416 


416 


Yard 


208 


208 


208 


Operation 


1,040 


832 


S20 


Maintenance 


1,248 


1, 040 


416 


Total 


3,432 


3,016 


2,080 


a. 1 mg4 - 


43.S1/S 







b* Labor requirements for preapplication treatment 
are not included* 



c. Includes preparation of reports* 



E, 64 c; Monitoring Requirements 

The system muat be evaluated to determine monitoring requirements necessary 
to ensure that proper renovatioa of wastewater is occun^ing and that environ- 
mental degradation is not. In mai^ states, monthly self -monitoring reports must 
be submitted to the agency responsible for water pollution control* In addition, 
monitoring may also be conducted for design refinement or research purposes. 
Generally, water-quality monitoring is important for each stage of the treatment 
process, including the gromidwater and any renovated water that,is recovered 
for reuse or discharge. 




For many land -application systems, particularly those with significant deep 
percolation rates, the monitoriLg requirement of priinary importance in the 
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planning stage will be that of groundwater* A network of monitoring wells , or 
other monitoring devices, both on and ofE the site will often be necessary and 
will require significant plaiming. Special agreements may need to be formulated 
to drill and maintain access to off-site wells. Hydrogeologic considerations 
pertaining to groundwater flow £ J the proper placement of monitoring wells 
are discussed by Parizek [117], 

E. 6 >d > Emergency Procedures 

*. 

Emergency operating procec^res should be considered at this point if serious 
environmental damage could result from equipment breakdown, severe weather, 
or power loss. An analysis should be made of ihe detrimental results that would 
^ccur if power service were interrupted for various lengths of time* 

E.7, COST-EFFECTIVENESS ANALYSIS 

To properly select the best wastewater treatment alternative, a cost- 
, effectiveness analysis mustbe performed. To conduct such an analysis, de- 
tailed cost estimates must be prepared. The Qost estimates for each alternative 
must be compared on an equivalent basis in terms of total present worth or\ 
annual cost. For example, the total annual cost of an alternative would include 
costs for operation, maintenance, and supervision and the amortized capital 
cost* ^ 

Federal regulations on Cost-Effectiveness Analysis {40 CFR 35) should be con- 
suited, along with applicable state regulations for the proper methods of 
conducting the analysis. Capital and operating cost considerations of importance 
for land-appliciition systems are discussed in the following subsectionSj while 
social and environmental costs are discussed in the following section on 
Environmental Assessment. 

E.7.a. Capital Cost Considerations 

Capital costs of importance for land -application systems Include; acqiusition of 
land, easements, water ri^ts procurement and rights-of-way; relocauon of 
buildings and residents; materials and construction costs for preapplica^on 
treatment facilities, earthwork, transmission, distribution, collection O^or over- 
land flow and underdrained ^stems), and monitoring facilities; administra^ve, 
legal, and engineering fees; startup costs; and interest during construction. ' 
Special considerations for capital cost estimations for land -application systems — 
including construction cost indexes, service life of equipment, and land costs — 
.^'^^re disctxssed'ia the following subjections* 



' -E.7.a>l. Construction or Other Cost Index — Because costs are changing and 
vary geographically, cost Indexes published periodically are most useful in 
determining current local costs » An estimate of the cost of construction of an 
item can be made at one date and referenced to a cost li^dex. To determine the 
comparable present cost, the current index is located and the cost is updated 
by multiplying by the ratio of the two indexes- 




77 

90 



A common index in the construction industry is the Engineering News Record 
Construction Cost (ENKCC) index^ which is weighted toward building and 
heavy construction* For conventional treatment plants, a more appropriate 
index is the EPA Sewage Treatment Plant index, For pipelines and drainage 
systems, the EPA Sewer Construction Cost index can be used. All three indexes 
are published in Engineering News Record ^ 

E,7>a,2. Service life of Equipment — The service life of much of the equipment 
used in land -application Systems is highly variable. Standard service lives 
for conventional treatment processes axe presented in the Federal Regulations on 
Cost-Effectiveness Analysis (40 CFR 35), Special service lives contained in 
Table 11 have been suggested by the Sprinkler Irrigation Association [l55] , and 
the University of Missouri Extension Division [ij. It should be noted that these 
service lives are for standard irrigation equipment used typicially for periodic 
use during 4 to 6 months of the year, K irrigation machines are specially 
designed for wastewater operations > they can be expected to attain similar 
service lives. Therefore^ feictors particular to the system xmder consideration 
that may affect the expected service life include the annual period of operation, 
frequency of application, and wastewater characteristics . 

E*7>a. 3. Land Costs — Costs for land can be a^considerable part of the initial, 
capital cost, particularly for irrigation systen^? and for systems in relatively 
developed areas. Alternative methods of acquisition, as discussed in the ^ 
previous section^ should be compared on a cost-effective basis when praticri)le. 
Costs related to land acquisition^ such as the acquisition of easements and 
rights-of-way and the relocation of residents^ should also be included. Jsi the 
cost-effectiveness analysis, land shall have a salvage value at the end of the 
plazming period equal to its prevailing market value at the time of the analysis , 

E.7.b. pixedAnnual Costs ' 

Annual costs for operation and maintenance should be included in th^, ^ost 
analysis throu^ the planning period (20 years). Fixed annual costs include 
labor» maintenance^ supplies, and monitoring. Inflation of wages and prices 
should not be included unless significant changes in the relative prices of 
certain items are anticipated (40 CFR 35) . 

E,7.c> Flow-Relate d Anmifll nogf-a 

Power is the major annual cost that depends on the annual quantify of wastewater 
treated- Economic returns, such as those from the sale of crops and/ or 
renovated water^ should also be considered. Costs of disposal should be 
included if the crop or vegetation is not marketable. 

E.7,d, Nonmonetary Factors 

Social and environmental factors and economic impacts are discussed in 
Section 
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Table 11. SUGGESTED SERVICE LIFE FOR 
COMPONENTS OF AN IRRIGATION SYSTEM [l5S] and [l] 



Service Me 



Component 


Hours 


or 


Years 


Well and casing 






A A 

20 


Pump plant housing 






20 


Pump, turbine: 








Bowl (about 50% of cost of pump unit} 


16,000 


or 


A 
O 


Column, cte. 


I A AAA 

32, 000 


or 


Lb 


Pump» centrifugal / 


32»000 


or 


IC 


Power transmlssloh: 








Gear head 


n A A/\/\ 

30, 000 


cr 


It 
15 


V-belt 


df 000 


or 




Flat bcltt rubber and fabric 


lOf 000 


or 




Flat belt, leather 


20, 000 


or 


10 


Power units: 








Electric motor 


50f ODD 


or 


Diesel engine 


28,000 


or 


14 


Gasoline or distUlate: 








Air-cooled 


8»000 


or 


4 


Water-cooled 


18 » 000 


or 


9 


Propane engine 


An AAA 

28, 000 


or 


t A 

14 


Open farm ditches ^rmanent) 






20 


Concrete structures 








Concrete pipe systems 








Wood flumes 






Q 


Pipe, surface* gated 






10 


Pipe, water works class 






At% 


Pipe» Steele coated^ underground 






20 


Pipe, aluminum* sprinkler use 






15 


Pipe, steel* coated, surface use only 






t A 

10 


Pipo> steel galvanized, surface only 






15 


Plpd, wood buried 






20 


Sprinkler heads 






8 


Solid set sprinkler system 






20 


^Center pivot sprinkler system 






10-14 


Side roll traveling system 


) 




15-20 


Traveling gun sprinkler system 




10 


Traveling: gun hose system 
Land grading 






4 






None 


Reservoirs*^ 






None 



a. These hours may be used jfir year-round operations* The comparable period In years was 
based upon a seasonal use of 2, 000 hr per year* 



b. Some sources depreciate land leveling In 7-15 years. However, If proper annual maintenance 
is practiced; figure only Interest on the leveling eostSf Use interest on coital Invested In 
water right purchase* 

e* Except where silting from water-bed above will HU reservoir In an estimated period of years* 
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FLEXIBILITY OF ALTERNATIVE 



Items that allow flexibiUty^sbould be included in each element of the design. 
Flexibility in the design of the system should generally be considered with 
respect to: (1) changes in treatment requirements, (2) changes In waste- 
water characteristics, (3) ease of expansion, (4) changes in land utilization, 
and ^) technological advances* 

E.8.a. Changes in Treatment Requirements 

The alternative plan should include provisions to upgrade water <iuality to 
meet more stringent treatment requirenients . Various methods of upgrading 
could include increased preappUcation treatment and reduction of application 
rates. 

E.8>bir Changes in Wastewater Characteristics 

In some cases, changes In wastewater characteristics may result from 
changes in the water supply, new industries^ or changes in the effluent 
cshatacteristics of ^sting industries. An assessment should be made of 
the ability of the system to handle these potential changes, particularly in- 
creases in certain critical wastewater co^tituents. Compensating modifica- 
tions to the system, such as increased preappUcation treatment or reduced 
loading .rates, should be identified. 

E.8.C. Ease of Expansion 

CarefiU consideration should be given to the design capacity of the lahd- 
applicatlon system and to the ease with which the system can be expanded. 
Both planned stages of expansion and the need for expansion that might result 
from unforeseen circumstances should be considered. All components 6f the 
system that will be affected hy expansion should be considered including; 

• Amount of Lmd available 

• Storage capacity 

• PreappUcation treatment capacity 

• Transmission facilities 

The environmental impact of potential expansions should also be evaluated. 
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E.8.d. Changing Land Use 



Future modifications to a land treatment system may be necessary because 
of chas^ges in adjacent land use. For example, a treatment system originally 
situated in an agricultural or undeveloped area may, after a ntmiber of years , 
become surroimded by residential, commercial, or industrial developments. 
Requirements for odor control and aesthetics may become more strict and 
unforeseen health concerns .may arise* Modifications to the system, such as 
additional buffer zones and stricter control procedures, may be necessary. 
Treatment alternatives should be evaluated for effects that vary with different 
uses of the surrounding land. 

E>8.e. Technological Advances 

Future system modifications resulting from technological advances may be 
possible. Wastewater treatment by land application is presently the subject 
of a great deal of study and research. - As a result, many new guidelines and 
new techniques are anticipated. Advances may be possible in preapplication 
treatment, application techniques, system monitoring, and in the laiowledge 
of soil -water-plant relationships- 

E,9. RELIABIUTY 

The reliability and dependability of the system are critical, particularly if the 
adverse effects of an operational breakdown or a poorly operating system 
may be gj^eat. Areas of susceptibility, such as noszle clogging, lack of 
standby equipment, or lack of storage, should be identified and sujEticient 
safeguards employed whenever possible. A number of reliability features, 
including factors-of^saiety, backup systems, ;md contingency provisions, ■ 
should be included in the design of land-appUcation systems Jn 
most ca^es » the requirement ^or these features should also be addressed in 
the preUminary plan. For additional considerations, the EPA technical * 
bulletin on reliability [35] should be consulted, 

E . 9 . a . To Meet or Exceed Discharge Requirements 

The reliability of the system should be assessed with respect to its ability - 
to meet or exceed present and feture discharge requirements consistently. 
This reliability should be assessed under both. normal operating and potential 
abnormal conditions- 

E.9.b. Failure Rate Due to Operational Breakdo\vti 

The possibility of system failure resulting from operational breakdown of 
various components should be evaluated. The breafcdofwn of the physical 
equipment and preapplication tareatment facilities and the temporary inability 
of the soil to accept forther application represent system failures . The con- 
sequences of system failure should be evaluated and additional safegu^crds, 
including the use of backup systems, should be considered. 
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E>&.c> VuinerabiUty to Natural Disasters 



The vulnerability of the system to natural disasters, such as earthquakes, 
hurricanes, tornadoes, and floods, should be assessed. The probable conse- 
quences should be considered, and safeguards, when they are feasible, should 
be employe^i. Possible courses of action to deal with such events should be 
included in the operation and maintenance manual. 

E.9,d* Adequate Supply of Required Resources 



The reliability of the system should be evaluated with respect to the adequacy 
of both the present and the anticipated future supply of required resources. 
Resources that may require evaluation include: power, material for soil 
additions, manpower, and chemicals required for preapplication treatment. 

E. 9,'!^ Factors -6f-Safe^ 

One of the more significant reliability features that should be addressed in the 
preliminary planning stage is the inclusion of factors -of-safety in the design 
of various system components ^ such as flow capacities, field area require- 
ments, and storage; capacities. It is usually prudent to view the entire system 
when evaluating the need for factors-of-safety, because the reliabiliiy of one 
particular component often affects the degree of reliability necessary for 
other components. 
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Section F 



ENVIRONMENTAL ASSESSMENT 



The impact of the project on the environment, including public health, social, 
and economic aspects must he assessed for each land-application alternative. 
Environmental assessments axe required for all federally funded projects, 
and similar reports are required by many state and local governments, ^his 
section is not intended to replace existing guidelines (40 CFR 6) for the prep- 
aration of environmental assessments, but instead is designed to highlight 
some of the important considerations particular to land application. 

J^^JTGicordance with existing guidelines, environmental assessment will gen- 
er allw^onsist' of : 

* • Description of the environmental setting 

• Determination of components affected 

(| Evaluation of possible methods of mitigation of adverse effects 

• Determination of unavoidable adverse" effects 

« Evaluation overall and long-term effects 

/ 

Environmental coipponent interactions should be considered and measurable 
parameters identified if possible. 

F.l. ENVIRONMENTAL IMPACT 

Environmental components that may be affected by land-application systems 
include/ (1) soil and vegetation, (2) groundwater, (3) surface water, ' 
(4) animal and insect life, (5) air quality, and (6) local climate. Effects 
On the soil, vegetation, and groundwater are normally .the jnost crittcal, with 
the effect's on surface water being critical at times. 

F/l.a. Soil and Vegetation 

The effects of land application on the soil and vegetation can be either bene- 
ficial or adverse, with the overall effect most pften being mixed. T^ffects on 
surrounding land and vegetation may be brought about by changes in various 
conditions, such as groundwater levels, drainage areas, and microclimates. 
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Soil condlttons, including drainage char ^^ristics and levels of ciiomlcal 
<;(nstituents, may be affected by land aK ^ ition^ Infiltration and peroolation 
capacities may decrease as & result of clogg^ing fay susr^ended solids, although 
proper management techniques including resting periods and soil carface 
rahing may help to mitigate this conf^tion. Bates may also increase or 
decease as a result of changing chemical conditions, such as the pH and 
sodium^ content of the soil. Long-term effects on the soil chemistry, such as 
the buildup of certain constituents to toxic levels, may be critical in land- 
appUcation systems. Effects on soil conditions should be predicted initially, 
and appropriate monitoring requirementis should be defined. Various referr 
_fla rtieularlv Thomas and L aw Tie?!, may be jetofiil^^ predicting soil 
effects . ^ " " 



The effects on vegetation are usually beneficial for a well-operated system. 
Virtually all essential plant nutrients are found in wastewater and should 
stimulate plant growth. Toxic levels of certain constituents in the soil, which 
-nu^y- reduce ^owfh or render crops unsuitable for the intended use must be 
evaluated [27] . Es^cess hydraulic loadings or poor soil aeration may also*be 
harmful to plant growth. 

F.l.b.> Groundwater ^ \ 

The groundwater quality and level will be affected by most land-application 
systems. Exceptions woulqbe many overland flow, umlexdrained, and 
pumped wlthdrawal'systems. Wastewater constituents that are not used by 
the plants,^ degraded 1;^ microorganisms, or ffxed in the soil may leach to the 
gnHindwater. Nitrate nitrogen is the constituent of most^concem; however, 
heavy metals, phosphorus, organics, to^ dissobreil solids, and other 
elements discussed in I-B.4 may also be of significance. 

Groundwater levels may be affected fay land application, particulaiy for 
infiltration-percolation systems. In turn, groundwater flov^ may be affected 
with respect to both rate and directi(»i of movement, ^^irection and effects 
of the altered groundwater flow must be predicted, and appropriate monitoring 
requirements defined. - 

Fwl.c. Surface Water \ - 

Surface waters may be affected directly fay (1) discharge £rdm an overland 
flow, underdralned, or pumped withdrawal system, ^) interception of seep- 
age from an Inliltratioii-percolation system, or (3) undeslred surface runoff, 
from the site. Both surface water quality smd rate of flow m^ be Influenced. 
Ch^mges in water quality will be regulated by federal,, state, or regional 
standards. Effects on surface water flow should {>e Investigated hc&x with j 
respect to possible increased and decreased rates otjflow. Wastewater reuse 
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systems, used to replace systems previously discharging to a surface water, 
will result in decreased .flows with possible adverse consequences to previous 
dk>wnstream users, or existing fisheries, 

F. 1. d* Animal and hisect\Life 

Treatment by land application may result hi changes in conditions, either 
faTOK^dy or adversly affecting certain indigenous terrestrial or aquatic 
species. Beneficial effects, such as the increased nutritive value of animal 
forage, should be compared to possible adverse effects, such as the disrup- 
, tion of natural habitat, for each species of concern. Little information exists 

._onJthis_3ubject,Jtmt.Sopp«pt;JaAa3 xeports^omeJnitialJ.i^.higs._ 

bility of insects oi^ rodents acting as disease vectors is discussed separately 
under Public Health Effects {I-P*2.b*). 

F.l.e. AirQu&Uty 

Air ^U3}'y may possibly be affected through the formaiion of aerosols from 
spray systems and through odors. With aerosols, the primary concern is 
with transmission of pathogens, which will be discussed further under 
Public Health Effects* Odors a3:e caused principally by anaerobic conditions 
at the site or in the applied wastewater. Correction of these conditions is the 
only perinanent cure. 

F>l.f* Climate 

Land-application systems, particularly large irrigation or over*gnd flow 
systems, may have a limited but noticeable effect on the local climate. Air 
passing over a site will pick up moisture and be cooled, resulting in a local- 
ized reduction ui temperature. Orighial conditions are normally regained 
within a short distance from the site^(125] * 

P. 2. PUBLIC HEALTH EFFECTS 

When evaluatuig the overall environmental impact of an alternative, special 
consideration should be given to those effects that relate directly to the 
public health. Jn many cases, state health regulations and guidelines serve 
to protect against many of the ef^cts. Public health effects that should be 
considered Include; groundwater quality, hisects and rodents, runoff from 
site, aerosols, and contamination of crops. Overviews of public health 
effects that may be helpful are contained in references (13, 130> 143, 152]. 

2. a. Groundwater Quality 

The quality of the groundwater will be of major concern when it is to be used 
as a potable water supply, p^irticularly when an infiltration-percolation 
system is planned. A sufficient degree of renovation will be required to 
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meet the BPT requirements for groundwater protecticai. Nitrates are the 
most common problem, but other constituents, Including stable organics, 
dissolved salts, trace elements, and pathogens should be considered. 
Extensive monitoring and control practices must be planned. 

-F.2.b. Msects and Rodents 

Because of the possibility of contamination from pathogens in the wastewater, 
the control of insects and rodenta on a land-application site is more critical 
than on a conventional irrigation site . Conventional methods of control will 
normally be required for most pests* 

MosqHtoes^aje a special problem because they will propagate In water stand*- 

ing for only a few days. Elimination of unnecessary standing water and 

sufficient drying periods between applications are the most effective methods 

of control* 
• 

F,2.c. Runoff faom Site 

Applied effluent should not be allowed to run off the site except in systems 
designed for surface runoff (e*g* , overland flow). The detent to which 
runoff from storm events must be controlled depends upon the water quality 
objectives of the surface water and the possible effects of ^uch runoff on 
water quality. Few data are available to assess storm runoff effects from 
land-application sites* 

F.2.d.^ Aerosols 

Generally, the danger of aerosols lies in their potential for the transmission 
of pathogens. Aerosols are microscopic droplets that conceivably, could be 
inhaled into the throat and lungs* Aerosol travel and pathogen survival rate 
are dependent on several factors, including wind, temperature, humidity, 
vegetative screens, and other factors- Methods of reduction should be 
employed to ensure that transmission of aerosols is min i mized, with probable 
travel under normal conditions being limited to an acceptable area. Tliis 
area should be determined on the basis of the proximity of public access * 
Sorber [l52] and Sepp [l43] present discussions of this issue and discuss the 
research on the subject* 

ISafeguaxd measures that may be employed against aerosol transmission 
/include; 

• Buffer zones around the field area 

• Spi'lnklers that spray laterally or downward with low nozzle 
pressure 
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• Bows of trees or shrubs 



• Cessation of spraying or spraying only interior plots during bigli 
"winds 

• Combinations of the enumerated measures with adequate disinfection 
F.2.e. Contamination of Crops 

The e^ct of effluent Irrigation on crops, with regard to safety for consump- 
tion, Is a matter of some concern. Many states have regulations dealing 
lydtthlthe-.iyp€S_of_crops_that may.Jje Irrigated Mtb^wastewat^r, degrees. of 
preappUcation treatment required for various crops, and purposes for which 
the crops may be used. The proposed California regulations are mcluded in 
Appendix E, and are offered as an example. Individual state health depart-" 
ments should be consulted, since regulations vary widely from state to state. 
Additional information on the contamination of crops may be found in Sepp 
[143] , Rudolfs [135] , and Bernarde [13] , or by contacting the FDA or other 
applicable agencies. 

F.3* SOCIAL IMPACT 

The overall effects of the proposed system should be evaluated in light of their 
Impact on the sociological aspects of the community, deluded in the evalua* 
tion should be considerations of: relocation of residents, effects on green- 
belts and open space* effects on recreational activities, effects on communis 
growth* and effects on the quallty.of life, 

F.3.a. Relocation of Residents 

The requirement for lp'>^ge quantities of land* particularly for irrigation and 
overland flow systems , often necessitates the purchase of land and possibly 
the relocation of residents. For federally funded projects, the acquisition 
of land and relocation of residents must be conducted in accordance with the 
Uniform Relocation Assistance and Land Acquisition Policies Act of 1970* 
In such cases > the advantages of the proposed treatment system must be 
weighed against the Inconvenience caused affected residents p and then com- 
pared with other alternatives; 

F.3#b. Greenbelts and Open Spaces ^ 

Proposed treatment systems should be evaluated from an aesthetic point of 
view and with respect to the creation or destruction of greenbdts and open 
spaces. Disruption of the local scenic character Is often unnecessary and 
undesirable, while through proper design and plamiing* the bemty of the 
landscape can often be enhanced. Reforestation and reclamation of disturbed 
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areas^ such as those resulting from strip muiing operations, ace possible 
beneficial effects* ' 

F;3.c. Bccreational Activities 

The net result of the treatment system on recreational facilities should be 
considered. Existing open space or parks may be disrupted; however, other 
recreational areas may be created or upgraded. Irrigation of new parks or 
golf courses ioxd recreational use of renovated water are possibilities for 
increasing*the overall value of a proposed treatment system- 

F>3.d^ -Community Gnwth 

The effects of a new treatment system may stimulate or discourage the growth 
of a community, both to terms of economics and population. Often, improved 
wastewater treatment service may allow new construction or expansion in the 
service area* Such growth may consequently tax other existing community 
servioes- The potential of the treatment system for affiecting commimity 
growth should be evaluated > and the subsequent effects 'on other aspects of the 
commimity documented - 

ECONOMIC IMPACT 

An evaluation of the economic impact should include an analysis of all economic 
factors directly and mdirectly affected by the treatment system. Many factors 
common to conventional systems apply; however, additional factors may be 
applicable to various land-application systems. Possible aijditional factors 
includfe: i 

# Change to value of the land used and adjacent lands 

# Loss of tax revenues as a result of govermnefftal^pi^ 

# Conservation of resources and energy . 

# Ch&nge to quality of ground or surface waters 

^ Availability of an inexpensive source of water-for irrigation . 

The effect of the treatment system on the overall local economy should then 

appraised » especially with respect to financing and the availj^ijlify of fimds 
for the long-term operation and maintenance qf the system. 
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jSection G 
IMPLEMENTATION PROGRAM 

Selection of the best alternative must be based on an assessment of the cost' 
effectiveness and the overall impact of the alternatives for wastewater 
management. To ensure that the best system is selected by the decision 
makers, all aspects of the altemajtives should be made available for public 
review and evaluation, including the engineer's recommendation. Re- 
evaluation and modification of the plans may be necessary before a system 
- . JI?.Af*i^ct^*i^^^^ general acceptance is received. A long-range wastewater 
management plan should be included with the Implementation schedule - 

G.l. PUBLIC INFORMATION PROGEAM , 

The establishment of an extensive public information program at the earliest 
possible time is wise, especially when alteimtives under consideration , 
may be controversial. Public^involvement to the maximum possible extent 
' should be sought, with feedback to planners and decision makers- 

G.l.a. Approaches to Public Presentation 

Tn many cases, public oi^osition to proposed land-application systems can be 
related to lack of knowledge or understanding of the fimdameptals involved. 
Consequently, a well-planned information and education program is highly 
desirable^, and in many cases * required. Effective presentation will usually 
, entail a cdmbination of some or all^of the following approaches. 

G.l.a.l. Local Officials ^ Close liasion should be maintained with all local 
I officials who may be directly or indirectly concerned with the project or its 
f effects. The maximum amount of useful information should be passed on to 
these officials at the earliest possible time to ensure their thorough under- 
standing and continuing support. Properly informed officials may in turn 
^ . bee ome useful and integral members of the public information program 
through public addresses and contacts with various citizen and special- 
interest groups « 

G* 1. a. 2* Public Hearings - Public hearings, which are required for most 
projects, allow individuals and representatives of groups to speak and 
present written statements of their viewpoints. These hearings sliould be 
conducted in accordance with Public Participation in Water Pollution Programs 
(40 CFR 105). 

Notification of the hearing should be extensive and in addition to advertise- 
ments in the mass media should include notification by mail to all groups* 
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agencies, and individuals who may have an interest. To ensure that key 
decisionmakers are present, personal telephone invitations may be necessary. 
The hearing shguld be recorded and should be followed up by resolution of 
disagreements, corr^tions o£ deficiencies, additional hearings, or any 
other measures that may be necessary. 

G^l>a. 3* Mass Media ^ The mass media, including local newspapers, radio, 
and television may be helpful in dissemhiation of general uiforraation through 
articles, special features, and Interviews, Additionally, the mass media 
should be utilized for notification and advertisement of hearings and other 
public meetings. 

G^l*a.4. . Local Residents and Landowners - Local residents and landowners, 
who may be displaced by the project, and those who are to be its neighbors 
must be kept informed of current plannuig. Special information pA^grams, 
through letters, special meetings, and other means, are often necessary to 
minimize oi^osition and to preclude possible legal conflicts that may result 
from unwarranted assumptions and fears. 

G^l>a. 5. Special-Interest Groups ^ A wide variefy of special-interest 
groups - Including sportsmen's clubs, conservation grot?>s, an<5 taxpayer 
organizations -may be concerned with the project and its effects- Areas 
of concern will be widely varied, but every effort should be made to anticipate 
them and to address them at the earliest possible stage. Many well-iaformed 
special-interest groups can be expected to add their support to the intended 
project and may be valuable in helpuig to conthiue the public information 
program. 

G.l>b> Public Opinion 

Public opinion may be expressed by various means, including: reaction at 
public hearings, statements of various groups, letters, polls, and elections* 
Expression of public opinion should be encouraged at an early stage so that 
adequate consideration and response may be given to areas of concern. 
Every eQort should be made to ensure that all areas of concern are met with 
reasonable responses based on a review of the project plans. Responses 
may be either Explanations ^nd justifications or modifications to the portions 
of the plan hi question < 

G.2, LEGAL CONSIDERATIONS 

Legal conflicts- may sometimes be unavoidable in the implementation of land- 
application systems, particularly ^in the areas of land acquisition and water 
rights* To avjid later problems legal counsel may be desirable early in the 
planning stage to outline legal constrahits and ensure the overall legality of 
the project. Possible areas of conflict should be anticipated and settled as 
quickly as possible* 



REEVALUATIQN OF ABILrTY TO IMPLEMENT PROJECT 



Prior to the siibmissiOD of the facilities plan» the entire project should be 
revien^ed and reevaluated* Considerations^ such public opinion » legal 
conflicts, ajdd method of financing^inclnding the possible need for bond elec- 
tions, should be weighed *against alternative concepts. * The overall effect of 
thp^$ consideration^! on the ability to implement the project should be assessed* 

G.4* IMPLEMENTATION SCHEDULE 

An implementation schedule is necessary to ensure orderly progresj^ toward 
cbmpLetioit of the project an^ to set up a long-range management plan* The 
long-range plan must be formulated to ensure that the recommended courses 
.of action for wastewater management are carried out in an orderly manner 
throughout the planning period. It is also imperative that the management plan 
be designed so that teclmical ^nd operational changes can be incorporated as 

necessary during the planning period* 

^ * 1 * 

For construction purposes, the schedule should indude goals for both begin- 
ning and completion dates for various stages of the project. All key dates and 
project stage sequence^ should be shown graphically for ease in understanding! 

The implementation program should also document the steps in financing of 
the system costs* Users charges and industrial cost recovery are required 
for all projects receiving federal funds (40 CFR 35 regulations in ^e Federal 
Register, August 21, 1973, and February 11, 1974)* Costs Ihat^afe eligible * 
for grant landing must be identifiec^. Costs to be bonte by the community 
shoiSd be Indicated on a per capita basis, with repayment and cost-sharing 
by industries included. These are crucial issues in which the public will be 
most interested. 
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Section A . 
AOREEMENT WITH FACU-ITIES PL^ 

When reviewing the desiga planB and specificatiODB, the evaluator should have 

clear understanding of the facilities plan and its relationship to the design. 
The engineer should include a statement with the design package concenting 
agreement with the facilities plan especially with regard to: 

*; • Area for application , 

, • Critical loading rate 

• Degree of treatment 

^ Storage volume 

The design should conform as closely as possible to the facilities plan; however, 
modifications may ^e necessary or desirable as the project is studied further, 
and more-'^ata become available. Reevaluation of the plan/.in whole or in part, 
may also^be necessary. 

A.l. MODIFICATIONS 

Moditications^ and refinement of the facilities plan are often necessary and can 
occur for a variety of reasons. They may be the result of a pilot study, further 
detailed site investigations, or a change in project goal|S. 

ModiticatLons to any one system componentj should be evaluated relative to their 
effects on the entire system and on the other components. For example, a 
decision to cliange the type of crop grown in an irrigation system may be based 
on preapplication treatment considerations! The change in crops wiU, in turn, 
necessitate a reevaluation of such factors p loading rates, nutrient removals, 
storage requirements, manpower requirements, and econoniic considerations. 

To demonstrate expected treatment results in special cases, such as for overland 
flow, pilot studies may be necessary. This should be a relatively rare occur- 
rence for land-application approaches such as irrigation or infiltration-percolation. 
The extra cost of a pilot study a^d the subsequent del^ of project implementation 
must be well justified. 

, If pilot studies have been conducted, summaries of results should be required 
either as a supplement to the facilities plan or as supporting material for the 
design plans and specifications. 'Hiese results form the basis of modifica- 
tions or support to the facilities plan. 
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When departures from the original concept have been made for any reason , 
justlficatlciis, new data, and computatictis ^ould be reqiUred. This informa- 
tion ^ould bB4nclnded in either a supplement to the facilities plan or as 
supporting material with the plans and specifications, and should be reviewed 
with respect to the applicable considerations from Parts I and II of this publi- 

A,2. REEVALUATION OF FACILHIES PLAN 

r 

in some cases, a complete reevaluation of the facilities plan may be necessary 
when changing condxtLOUS, new infonqation, or tmanticipated problems create 
doubts as to the suitabili^ of the system* Further modiBcations or reconsidera 
' tion of previous^ elimtoat^ treatment alternatives may be required* Areas 
of primary QOncem include: changes in conditions and treatment requirements 
that have occurred durmg the interim period and results £romL any pilot studies * 

Changes in condxtioDS and treatment requirements may be the result oC new 
federal or state regulations or changes in basin water-quality management plans 
(40 CFR 131) of'areawide wastewater treatment plans (40 CFR 35* 1050)* 
Areas that may be affected inclttde; (1) both groundwater and surface-water 
discharge requirements, ^) public hefilth regulations ^vith regard to pre- 
application, crop selecticn, or am>licatlon techniques, and (3) land-use or 
zoning regulations. F * . 

Major problems with the proposed system may be identified du]±ig pilot 
studies. Solution of these problems may be possible by changing design 
criteria, process equipment, or man^agement techniques* On the other hand, 
the, entire facilities plan may have to, be reevaluated and another alternative 
pursued- \ 
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Section B 
SITE CHARACTERISTICS 



In this section, details concerning site characteristics that should he considered 
when reviewing the plans and specifications are discussed with respect to topog- 
ra^j|)h(y* soils, and geohydrology. In most cases* a considerable amount of data 
on site characteristics will have been collected and* ahaJyzed during the planning 
stage of the project and will have been included in the facilities plan (I-C). 
Frequently, the scope and degree of det*. \ o^this information is sufficient for, 
design purposes and it does not need to be repeated in material supplied to the 
evaluator. In other cases, additional information andLiiior<?^detalled analyses 
maybe required. When this additional information is used as a basis for design* 
its st^mission in -the form of either a supplement to the faciUtias plan or as 
supporting material wltti the plans and specifications — should he required. Eval- 
uation of this additional material should be with respect to considerations addressed 
in both this section and in Section I-C* / 

B. 1. TOPOGHAPHY 

A fairly detailed analysis of the topography of the site and adjacent land will have 
been conducted during the planning stage. In the design stage, however, addi- 
tional information may be required as plans are developed* Use of aerial or 
ground surveys may be required-to produce detailed plans fot earthwork and site 
preparation* , The site topography, as altered by construction* earthwork* and 
field preparation, should be aimlyzed for drainage patterns anc* erosion potential. 

B. l;a. SitefPlan " . 

* ' 1 

In almost all cases* a set of large-scale site plans will he required* The scale of 
the drawings will vary with the size and complexity of the pR^Ject; however, 
1 inch - 50 feet* with 2-foot contour intervals is considered reasonable for most 
projects* Features that shbuld be included are: 

• Topography of the site 

• Pr(^er1y houndaries 

• Application areas 

• Transmission and distribution systems 

• Buffe:^ zones ^ * ' 

• Drainage systems and sur£aije water bodies \ 

• Storage areas \ ^ 



95' 10 S 



• PreapplicatiOD treatment facilities 

• Monitoring points, wells, and springs 

• Roads; .buildings, pumping stations,, etc. 

Additional plans may be necessary to show greater detail of certain features or a 
greater amount <Jf surrounding land. They, will often be required for drainage 
studies and for the exact location of transmission lines* 

B. i.b* Effects of Adjacent Topography 

The^acent topography should be evaluated for its effects on the site^ particu- 
larly with respect to drainage. Adjacent land characteristics that may i)etentially 
(1) add stormwater runoff tp the site, (2) back up water onto the site, {3) provide 
relief drainage, or (4) cause appearance of groundwater seeps, should be identified* 
In most cases!, the first two conditions are highly undesirable, and corrective 
measures, such as interceptor ditches or drainage systems, must be employed. 

B* I4 C4 Erosion PreventioD 

The topography of the site and adjacent land should be evaluated for areas of poten- 
tial Erosion, ^d the plans should be checked for provisions for erosion control. 
The effects of both applied wastewater and storm runoff should be considered. 
Special consideration should be given to the period of construction and system 
startup, when vegetative cover may be lacking or not fully developed* Erosion 
control procedures are documented in a recent report for EPA fX28J. 

B. l.d. Earthwork Required 

* 

Earthwork details should be presented for both (1) field preparation, and (2) facil- 
ities, such as transmission lines, storage, and roads* Earthwoifk required for 
field preparation may include: 

■# Clearing of existing vegetation and debris 

• Leveling, sloping, or grading of application area 

• ^reading or storage basin constmction 

• Construction of dikes, levees, etc* 

• Drainage and collection ditches, and erosion -control measures 
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The amount of earthwork required willlbe highly varied and will be dependent on 
the type of ssrstem and the existing topography. For many systems, particularly 
those employing overlaid flow, earthwork may be one of the largest construction 
cost components. Where tppsoil is shallow, it may be necessary tp stochpile 
topsoil for redistribution aftfer the grading of underlying soil has been completed. 

B> 1.6. Disposal of Trees,"Brualu_aiid Debris 

A special consideration during construction and fi^d pr^aration is the method of 
disposal for trees, brush, debris^ and other cleared material. This may present . 
a significant problem, particularly forproj^ts in which large amounts of pre- 
viously imus^ or uncultivated land are to be used. The most important concern 
is that of the environmental impact, especially if disposal is to be accomplished ^ 
by burning. An acceptable method of-disposal should be included in the 
specifications. , * * 

B.2. SOIL 

For some land- application systems, ^the analysis of soil characteristics conducted 
during the planning stage will be suf^cient for design fnirposes and reported mate- 
rial need not be repeated with the design package.^ Additional information that may 
be required for design is <3iscussed in following subsections. Infiltration and per- 
colation rates are discussefl separately in the section on Design Criteria (II-C) . 

B.2.a. Soil Maps - ^ 

Soil maps should be included with design plans for land -application systems, un- 
less previously submitted in the facilities plan. Although the generalize<^ SCS soil 
maps contain a large amount of lisefiil data on soils, they may not be detailed or 
specific enough for design purposes. Hie use of soil maps for^e presentation of 
so*il data may be extremely helpfiU, particularly where soil characteristics are 
varied over the site. Existing soil maps may be used, or maps can be prepared 
showing variations in characteristics such as: (1) soil type, (2) infiltration and 
percolation potentials, {3) physical and chemical characteristics, and (4) soil 
depths, 

B.2.b. Soli Profiles ^ / , 

A detailed description and analysis of the soil profile will fre<^u6ntly be necessary 
for design purposes, particularly if a large amount of percolation is planned, and 
where the effects of lower soil layers are of concern. Minimum soil profile 
depths to be evaluated by the designer, as suggested earlier (I-C) are: 

• 2 to 5 feet (0. 61 to 1. 52 m) for overland flow 

• At least 5 feet (1. 52 m) for irrigation 

• At least 10 feet {3.05 m) for infiltration-percolation 
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The required data may be obtained from SCS soil surveys, borings or test pits, 
or well-driller !ogs. If obtained frona SCS surveys, the descriptions of the soil 
profiles will generally include: (1) tBe location on the site where the profile was 
determined, (2) mechanical classification, pH, salinity, and percent sodium for 
each layer of soil encountered, (3) the depth of each layer, and (4) the percolation 
rate expected. Additional soil analyses from the series of tests suggested in 
I-C.2,c. 1 may also be required. In many cases, soil profiles must be deter- 
, mined at a number of locations, particularly where soil characteristics are 
varied over the site. .Analysis of the underlying soil should be conducted pri* 
marily with respect to those prqperties affecting renovation capabilities and 
percolation potential {permeability for those soil layers that are to be saturated). 
The need for soil amendments ^ch as lime or fertilizer in the tq[)SOil should be 
determined, 

B,3. GEOHYDROLOGY 

The extent to which ,geohydrologic conditions should be considered during design 
will be dependent on the method of plication to be employed and the type and 
severity of conditions known to exist Generally, a detailed analysis of the site' 
geology and groundwater conditions will be necessary for infiltration*percolation 
and high-rate irrigation systems, where large amounts of percolating water may 
greatly affect the g;roundwater. ^When potentially adverse conditions, such as 
geologic discontinuities, perched water, an^ seasonally high water tables, are 
indicated during the preliminary sit^investigation, additional analysis and con- 
sideration maybe necessary during design. 

B.3.a. Map of Important Geologic Formations 

A map of the inq)ortant geologic formations underlying the site will be necessary 
where the formations may possibly affect the renovation of the percolating waste- 
water or the groundwatgj:41dw. Formations and features that should be. shown on the 
maps or drawings that accon^any the design package, when of significance, include: 

• Depth to bedrock 

• Lithology of bedrock 
0 Outcrops ^ 

# Glacial deposits 

# Discontinuities, such as faults, joints, fractures, and sinkholes 

When the underlying geologic conditions are relatively uniform, or when they are 
of little significance a map will usually not be necessary. 



98 



B.3.b, Analysis of Geologic Piscontmuities 



The presence of geologic discontinuities, such as faults, joints^ fractures, and 
sinkholes, is cause for special concern because short-circuiting of the percolating 
wastewater may occur. la most cases, sites where geological formations contain 
severe cUscontinuities should have been eliminated from consideration during the 
preliminary site investigation; however, acceptable land -application systems may 
be possible where: (1) short-circuiting of the percolate to the groun4water occurs 
after sufficient renovation, and ^) the condition of the discontinuity is not expected 
to worsen. The first condition can usually be met if a sufficient soil horizon 
exists above the discontinuify* Suggested mimm^^m depths of the soil horizon 
above discontinuities axe; 

• 2 feet (0.61 m) for overland flow 

• 5 feet (1«52 ni)^for irrigation 



• 15 feet (4.57 m) for infiltratiQn-percolaticn systems 

* 

With regard to the second condition, the probability that discontinuities will not be 
aggravated as a result of the land -application system must be assessed. When the 
site is underlain with limestone, discontinuities may well be aggravated* Existing 
sinkholes may be enlarged and new ones created as a result of the percolating 
wastewater. , ^ ! 

B > 3 ^ c > Groundwate r Analysis 



A detaileiS groundwater analysis Vill be necessary for design purposes, particularly 
for infiliration-percolatioa and hi^-rate irrigation systems. Factors that should 
be considered include: (1) existirg quality of the groundwater and required quality 
of the percolate with respect to the BPT requirements for groundwater protection [s], 
(2) the extent of the recharge mound, (3) the need for underdrainage or pumped 
withdrawal, (4) the probability of the groundwater reaching* levels that may interfere 
with efficient renovation (see I-C-2.e.l), (5) the effects of the system on direction 
and rate of groundwater flow and, (6) the degree of monitoring required. Potential 
adverse effects on the groundwater identified in Ihe planning stage (I-F) should be 
reviewed, and means of control employed in the design. 
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DESIGN CRITERIA 



The following factors should be considered in the design of a land-application 
system; ^ 

Climatic factors * 

• Infiltration and percolation rates 

• Loading rates 

• Land requirements 

• Application rates and cycle 

• Crops 

• system components 

• Flexibility 

• Reliability 

It must be reemphasized that land-application system designs are site-specific 
and that design criteria must be based on the conditions of the particular site. 
In evaluating a design, the following points should be considered; 

• The validity of des ign assumptions 
o Compatibility with site conditions 

• Completeness and degree of detail 

• Ability 'to meet project objectives ' 

In most cases, design criteria used a8 a basis for the plans and specifications 
will have tteen ^included in the facilities plan however, greater detail, re- 

finements, and modifications will oftpn be necessary. Submission of supporting 
material for these refinements and modifications - either along with fhe plans 
and specification^!! or by means of a supplement to the facilities plan - should be 
required. This supporting material should be reviewed with respect to consid- 
erations ad<|ressed in this section and Section I-R , and then used as a basis 
for evaluating the plans and specifications. Sample listing of design criteria 
for irrigation, infiltration-percolation, and cverland flow systems are included 
in Appendix D* 



C.l. CUMATIC FACTORS 



Design assumptions must be reviewed with regard to each climatic factor. For 
example, if a particular system is to be designed so that no runoff from the site 
results. from a 5-year storm, the Intensity of that storm should have hem de- 
termined and used as a basis for design. Climatic conditions must usually be 
considered with respect to precipitation, temperature, and wind. 

C. 1. a. Precipitation 

Precipitation, including rainfall, snow, and hail, will affect a number of design 
components such as: (1) liquid loadhig rates, (S) storage requirements, and 
(3) drainage system requirements. Precipitation data that will normally be 
required for design include: 

• Total annual precipitation 

• Maximum and mhiimxmi annual precipitation 

• Monthly distribution of precipitation 

• jStoi:^^ Intensities 

• Effects of show , . / 

r 

C.l.a.l. T^otal Annual Preci^tation — The total annual precipitation used for 
design purpoi^es should normally be estimated from a frequency analysis of 
precipitation data over the period of record (I-C.2.a). In most cases, jrecipi- 
tation from a wtetter-than-normal year must be assumed , particularly where 
liquid overloading of the system may be a potential problem/ The total annual 
precipitation for the wettest year in 10 is suggested ae^, reasonable for most 
systems, although the wettest year in 50 or higher may be desirable for estimat- 
ing storage requirements. 

C, l,a.2. Maximum and Minimum Annual Precipitation - In many eases, the 
maximum and minimxmi annual precipitation on record will be of significance. 
For example, a considerable difference between the design precipitation and the 
maximum precipitation on record may require that special provisions for drahi- 
age be made. Minimum amounts of precipitation may be of interest for certain 
irrigation systems, where design liquid loadings are low and the applied waste- 
water alone would not be sufficient for optimum vegetation growth. In sucb . . .* 
cases, a plan for reduced crop acreage or for supplemental irrigation water 
should be included. 

C.l. a. 3. Monthly Distribution of Precipitation - The distribution of precijdta- 
tion over the year should be expressed as the amount of precipitation per month 
for the design year. Seasonal variations hi application rates and storage re- 
quirements will be based on an analysis of the monthly distribution. 
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C. l.a.4. Storm Intensities - Storm intensities, normally expressed in inches/ 
hour, mxist be estimated for the design of drainage and runoff collection sys- 
tems. This estimation will normally be made on the basis of a frequency analy- 
sis and a design storm event will he selected and analyzed for the amount of 
inmoff. ' 

C. l.a.5. EfKects of Snow ^ In regions where accumulation of snow is probable, 
the effect of snow conditions must be evaluated. Important data that may be re- 
quired include: (1) total amount of snowfall, (2) maximmn expected denth, 

and {3) the period of snow cover. 

ft 

C. l.b./ Temperature | 

Temperature, throu^ its influence on various renovation mechanisms and on 
plant growth, will affect liquid loading rates and the period of operation. Tem- 
perature data that may be nfecessary for design Include: 

« Monthly or seasonal ^verages and variations 

• Length of growing season 

• Period of freezhig ccSnditions ^ 

C.l.b.l* Monthly Averages and Variations — The range of temperatures that 
prevail at the site should be expressed in terms of monthly or seasonal averages 
and variations, many cases, where cold weather may require a ruction or 
cessation of application, design temperatures should be based.on a frequency 
analysis of colder-than-normal conditions. 

C.l.b.2. Length of Growing Season - An estimation of the length of the growing 
season will be necessary for irrigation and overland flow systems and for those 
in^ltration-per eolation systems with vegetated basin sur&ces. Because the 
length of the season will vary with the crop, the Agricultural Extension Service 
should be consulted. 

C. Lb. 3. Period of Preezing Conditions - The period when application oi waste- 
water must be reduced or ceased as a result of freezing conditions must be 
estimated. Freezhig conditions may hiclude the period when the ground is 
frozen or the period between tiie fi^rst and last frosts of the season. 

C.l.c. Wind 

For spray application systems, an analysis of the whid will be necessary for 
design. Wind conditions that require a reduction or temporary cessation of 
application should be determined with respect to velocity and direction. The 
frequency and duration of those conditions should then be estimated by meang [ 



of a frequency analysis. 
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C. 2. rNFILTRATION AMD PERCOLATION RATES 

infiltration and percolation rates are included In this section rather than the 
previous one (Site Characteristics) because of their direct relationship to thci 
desig^i of the system* Design rates must be determined for use in subsequent 
design calcul^ions such as application rates and drainage system requirements. 

0*2* a* Design Rates 

Design infiltration and percolation rates should be determined from data ob- 
tained in the preliminary site investigation ^-C* 2* c* 2) and &om additional 
studies where required* Other soil diaracteristics and geohydrologic 

factors ^"B*3) must be evaluated for their effects on percolation rates. Con- 
ditions that maybe ei^pBoted to periodically inhibit infiltration or percolation, 
such &s cold weather or prolonged periods of soil wetting, should be assumed 
in the determination of design rates. Requirements for peiriodic drying or r^sst- 
ing periods should be included* — 

C.2*b* Basis of Determination 

The basis used to determine the design Infiltration and percolation rates, and 
the results of any studies or analyses involved, should be evaluated* Desig^i 
rates should be based on at least one or more of the following analyses or coq*- 
sultation services: 

• Analysis by Agricultural Extension Senrice or soil specialists 

• Analysis of soil borings and profiles 

• Analysis of SCS soil surveys 

• Prom farming expei*ience 

• From results of pilot studies 
C*3* LOADING RATES 

Loading rates for the liquid applied and the major constituents of the waste- 
water will form the basis for the design determination of land requirements, 
application rates, and crop selection ^or irrigation and overland flow)* Load- 
ing rates computed in the preliminary planning stage flT-E* 1) should be reviewed 
and possibly revised to reflect changes in the wastewater characteristics or in 
the application rates* 
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C.3.a. List of Loading Bates 



Loading rates Uiat form the basis of the design are to be included in the design 
criteria i^ee Appendix p) for the specific land-appUcatlon system. 

Elements or constituents of concern should include any wl h may potentially 
cause short- or long-term problems for the specific system, or whose concen- 
trations in the renovated water may reach or exceed v/ater-quality standards. 

C. 3.b. Critical Loading Rate 

Hie loading rate identified in the planning st^ge as being critical 2. a. ) will 
be used in the determhiation of the application area and other design factors, 
such as crop selection. The critical loading rate should be highli^ted with an 
asterisk on the design criteria listings (Appendix D). 

0,4. LAND REQUIREMENTS 

Land requirements must be identified for each of the following components: 

• Application area 
9 Buffer zones 

• Storage ■ : ' 

• Preapplication treatment, buildings, and roads 

» Future and emergency needs 

Land for each component should be designated on the site plan. Additionally, 
methods of determination and calculations should generally be reviewed, 
particularly those for the application area. 

The land required for ibe direct application and treatment of the wastewater 
will be calculated from the design critical loading rate as described in para- 
graph I-E.2.a. A distinction should be made between the wetted and field 
acres where the disthiotion is significant, as is the case for all overland flow 
and some irrigation systems. Individual plots or basins that are to be operated 
as units in a rotation cycle should be identified and numbered. 

as. APPLICATION RATES AND CYCLE 

The design application rates and the schedule of application periods should be 
reviewed and related to the determination of land and storage requirements and 
to the design of the distribution system ^-C.7.d.). Factors and considerations 
relating to their derivation are discussed below. 
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C. 5. a. Annual Liquid Loading Rate / 

The design annual liquid loading rata (ft/yr) should he identified ^-C 3. ). All 
aj^lication rates with respect to smaller units of time (e . g. jj^ in. /wk) should be 
derived trom or be compat&le with the annual loading. 

C. 5.b. Length of Operating Season 

The length of the operating system may vary from year-round for many 
infiltration-percolation systans to as little as 5 or 6 months for some irriga- 
tion systems. 

C.5. c. Application Cycle 

The application cycle, or the combination of application and resting periods, 
should be defined in the form of an operating schedule. The length of the cycle 
and the ratio of wetting to drying depends on site-speci&c factors ^-K. 1. d. ) 
and may ii^clude seasonal variations. Common C3^1e lengths are: 

• 1 week ior irrigation, with a range fr<mi 2 days to 6 weeks 

f. • 1 day for overland flow, with a range from 12 hours to 2, days ^ 

» 3 weeks for mfiltration-percolation, with a range from a few days to 
a month 

C. 5. c. 1. Application Period and Rates ^ The application or wetting period of 
the cycle should be iisted along with the rate of appiication. Application rates ^ 
should normally be expressed in terms of quantity of wastewater applied per 
cycle, and for spray applications the hourly rate should he listed. The latter 
rate is particularly important for spray systems because high appiications may 
he damaging tp the soil surface. 

C, 5. c. 2. Weekly Application Rates - When the application cycle is other than 
one Wjeek, the additional inclusion of the average weekly rate may be helpful for 
evaluation. Weeklv rates are often used as standards for comparison of similar 
systems and frequ. jtly appear in the literature. 

C. 5. c. 3. Resting or Drying Period - Resting or drying periods are necessary 
to reestablish aerobic conditions. They should be included as an integral part 
of the application cycle. Optimum resting periods range from one day or less 
for some irrigation and overland flow systems up to 20 d^ foB some 
infiltration -percolation systems. In many cases, longer resting periods are 
required during the winter months. 
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C,5,c.4^ Rotation of Plots or Baains — To maintain continuous operation and 
a steady usage of effluent, it is usually advisable to subdivide the application 
area into a number of independent plots or basins. Wastewater can then be 
applied to a portion of the area v/hile the remainder is rested or dried. Pro- 
vision for plot or basin rotation should be included in the plans. 

CROPS/VEGETATION 

A description of the crops or vegetation to be grown will be required in the 
facilities plan for all systems in which vegetation is to be an integral part of 
the treatment system. This includes all irrigation and overland flow systems, 
and those infiltration-percolation systems in which the inflltratibn surfaces are 
to be vegetated. Evaluations of potential crops that were conducted during tlie 
planning stage ^-E, 3. ) should be reviewed, and important crop characteristics 
and requirements that were used as a basis for design shouW be noted. When 
applicable, the following items shotil^ be considered: ' 

• Compatibility of the crop with site characteristics and design loading 
rates 

• Nutrient uptake 

i 

• Cultivation and harvesting requirements 

• Suitability for meeting health criteria ^ ^ 

C.7. SYSTEM COMPONENTS * _ 

A large portion of the plans and specifications will be devoted to the system 
components, such as: 

• Preapplication treatment facilities 

• Transmission facilities 

• Storage facilities 

• Distribution system 

• Recovery system 

• Monitoring system 

Design considerations and parameters developed in the planning stage should be 
reviewed when applicable* Detailed plans for each component will be required ' 
and should be evaluated with respect to fbe considerations listed at the beginning 
of this.section* 
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C.7.a. PyeappUcatlCMi Treatment Facilities y 

Detailed plans of the preappUcatlon treatment facilities will be ipc^sary in 
almost all cases, except those few in which preappUcatlon treatment Is not re- 
quired or existing fecllitles have been determined to be adequate.! La many 
cases, plans for additions or modifications to existing facilities ^Vy;'^ ^1 ^i^t 
are required. In all cases, the expected treatment performance of tne facilities 
mMst be evaluated in light of the requirements established in the planning stage 
<I-E. 5. ). I 

\ 

C. 7.b. Transmission Foiillltles 

Detailed plana of the transmission facilities to the site, including piping and 
pumping facilities, will be required. They should be designed and reviewed In 
accordance with conventional engineer'ing standards, because they will rarely 
differ from transmission facilities designed for conventional treatment systems. 
Consideration must be given to factors such as adequate cover over the pipe for 
protection, and provisions for flexil^le joints where the pipe Is attached to rigid 
structures. In addition, consideration must also be given to the purchase and 
control of easement^. 

C. 7. c. Storage Facilities 

La almost all cases, some sort^of storage facilities *J11 be nfe^essary, and de- 
tailed plans for them will be required. K storage is to be provided for winter 
flows aiKl storage requirements ^re hlg^, construction of storage facilities will 
often be one of the major design componente. The design volume should be 
baaed on the storage requlremente determined during the planning stage 
ff-E. 4. ). The plans should be evaluated with respect to capacity and coittsol^f 
potent^ problems, such as the growth of miwanted aquatic life, oddrs resulting 
from anaerobic conditions, and with respect to structural considerations, such 
as embankment slope stability. Storage facilities must Include pump-back pro- 
visions and adequate freeboard, and It may possibly be necessary to seal them 
to prevent percolation, depending upon groundwater conditions. ^ 

C. 7. d. Distribution System 

The distribution system may vary In complexity from systems employing simply 
^gravity flow to infiltration basins to highly complex fixed spray irrigation sys- 
tems. Standard texts oh irrigation Il55, 184] provide much information on the 
design of all types of distribution systems, which may be useful to the reviewer. 
Potential problems, such as the clogging of nozzles with suspended solids and 
the susceptibility of above-ground piping to damage by farm machinery, should 
be anticipated, and mitigation provisions reviewed. 

/ f 
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Spray Systems — MstributiOT for spraying is liirough pressure pipes or laterals 
tbat run from tbe transmissioa main into tbe field. Spray distribution systems 
may be solid set, burled; solid set, portable; mechanically-moved laterals, 
such as the side-roll wheel or end-tow type; or continuously moving units such 
as center I^vot systems [ll4]. Sprinkler irrigation handbooks [ll4, 115, 155] 
should be consulted for hydraulic design information. , Special emphasis should 
be given to the potential problems associatol with risers, which are often sus- 
ceptible to damage from a nimiber of causes. 

Surface Distribution Systems — For flood or ridge and furrow systems, distri^ 
bution may be by means of open ditches, buried pipe with riser outlets, or 
gated pipe. More detailed information may be found in Zimmerman [l84]. 

Drainage of lines — Drain valves are necessary for most distribution systems 
to prevent (1) anaerobic conditions from occurring during nonapplication 
periv^s, and ^) freezing and breaking of pipes in cold climates. Drain 
valves should be located at all low points in the system with gravel or tile 
drains to,accept the draining water. 

wem Controls — A schematic, diagram, of system controls including piping, 
aping, valvei^, timers, and alarms is necessary. Valve operaticn'and con- 
d may be automatic or manual or provisions may be made to operate under 
either lype of control . 

C.7>e. Recoveiy System 

Detailed plans should be subniitted of any recovery ^stem tl£at is to be em- 
ployed, s^^ch as: underdrainage, pumped withdrawal, or collection of runoff 
from ovc \md flow systems . It should be evaluatol with respect to recovery 
objectives, site characteristics, and liquid loading rates. Much useful infor- 
mation on the design of recovery systems may be found in Drainage of Agri- 
cultural Land [381, and in Bouwer [18, 19). 

cases in which natural drainage channels traverse the site some runoK 
control features may be required. For irrigation systems these features would 
be designed for system protection and realiability. Features could entail small 
dams, reservoirs , or diversion structures to collect or divert partially treated 
effluent and prevent it from entering surface waters ; The extent to whi^h 
runoff resulting from storms must be retained depends upon the water quality 
objectives for the surface water, nonpoint source discharge control practices 
in the hydrclogic basin, and the nature ^d magnitude of the environmental 
degradation tbat might resul^: from the discbarge. 

C.7.f. Monitorinfar System 

S<m^ form of mentoring system will be r^uired in all cases and should be 
described in detail in the Operation and Maintenance Mtmual. Plans for physical 
lacilities, such as monitoring wells, sampling taps, and metering equipment, 
however, should be included in the design and should reflect the monitoring re- 
quirements specified in the preliminary plans ([-E.6.C.). 
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C,8* DESIGN FLEXIBIUTY 

The design pl^s and specifications should be evaluated for flexibility with 
respect to: ' 

^ # Provisions for system expansion 

\ # Provisions for system modification 

• Interconnections and partial isolation 

Specific flexibility features identified in the wastewater management plan 
ff-E* 8* ) diould be incorporated in the design. 

C.8.a. Provisions for System Expansion 

♦ 

Provisions for boUi planned and unplanned expansion should be incorporated in 
tJie design* Staged construction will often be employed over the life of tJie sys- 
tem to provide for planned expansion* In other cases and for unplanned expan- 
sion, components may be designed for additional capacities or so that their 
ca^iBlties^may be easily increased* Special consideration should be given to 
critical components - such as; land availability; and storage, preapplication 
treatment* and transmission capacities - whidi may be easily expandable only 
up to a certain limit* 

' C* 8*b* Provision for System Modification 

Various modifications to the system can usually be expected to occur duriiig the 
life of the system and if possible, should be anticipated hi the design* Gener- 
ally, tJiese modifications will be the result of: 

• Knowledge gained through operating experience 

• Changes in conditions or treatment requirements 

• Technological advances 

Design factors, such as loading rates* and physical equipment, such as pre- ^ 
application treatment and distribution facilities, are among tJie items that may 
be subject to modification* 

C* 8* c* Interconnections and Partial Isolation 

Features, such as interconnections and partial isolation systems, that may add 
to the flexibility of operation should b€^ included in the design when practicable* 
Various hiterconnections within and between the t^ansniission system, pre- 
application treatment facilities, storage facilities, and distribution system are 
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necessary so thafc^camponents can be isolated for repair or maintenance. The 
design should also include provisions to allow the operator *o modtfy^operating 

procedures for specijal conditions, and apply effluent to certain areas only. 

.e.g. REiMBiLrry 

The Technical Bulletin on Design Criteria for Mechanical, Electrical, and 
Fluid Sybtems and Component Reliability [35] establishes minimum standards 
of reli^ility for three classes of wastewater treatment works. The classes 
are related to the consequences' of degradation of the efStUent quality o^ the re- 
ceiving navigable waters. Qlass I involves discl\arge to navigable waters that 
could be permanently or ynacceptably damaged by effluent that was degraded in 
quality for only a few hours. Reliability measures for this class include backup 
requirements for m^st unit processes. Olass n relates to navigable waters 
that would not be perman^tly or unacceptably damaged by short-term effluent 
quality degradations^biit cotdd be damaged by continued (on the order of several 
days)' degradation. Class ill involves navigable waters not otherwise classified 
as Reli^ility Class I or n [35] . , 

Lar^-applic/^^ion systems that ^-^roduce an effluent with a^point-source discharge 
would have to attain a reliability commensurate to that of conventional treat- 
ment and discharge systems discharging to Class T> II, or m navigable waters: 
Th3 d&gree of reliability required of land-application systems will depend gn the ^ 
severity and consequences? of environmental degradation or health effects 
^-F. 1 fnd F.2). The California standards (Appendix E) relate ijrliability 
measure? for irrigation systems to the degree of public contact with^the treated 
effluent and the nature of the crop grown. ^ 

Various means of ensuring the reliability of the system, including Actors of 
saf'Sty, backup systems, and contingency provisions, are discussed in the fol- . 
lowing paragraphs. An .nportant addltlonaZ reliabinty factor is tlie proper" 
operation and maintenance of the system,, which is discussed in Part m. Gen- 
eral reliability requirements Tor all treatment systems are included in Fe'doral 
Guidelines for Design, Operatiori and Maintenance of Waste Water Treatment 
FaciUties fSOT 

C. 9. a. Factors-of-Safety 

Reasonable factors -o£-safety must be included in design components whose 
normal operation limits, if exceeded, might result in serious adverse effects 
or impairment of system efficiency. Components that may require factors- 
of--safety in their design include: loading ^d application rates, and the capaci* 
ties for storage, transmission, and preap^licatlon treatment. The magnitude 
of the fectors-of-safety to be employed will vary with the system and will depend ^ 
on a number of factors, such as: the severity of potential adverse effects, and ' 
degree of certainty of design assumptions. When employed, they should be 
indicated ^d justified by the^ngineer. 
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C>9>b> BttckaV Systems 




Backan syajems or standby xmits must be provided for critical elements of the 
System to preclude system failure resulting jErom: 

• Loss of power supply 

# Equipment failure 



\ o Failure of a preapplication treatment unit 

^ # Maintenance requjremenjs 

Elements that should be provided with backup systemi mciudc pawvr sources, 
pumping facilities, and preapplication treatment units ft)art^??ilarly chlorina- 
tors)* Interconnections and flexibility of pumping and piping to permit re- 
routing of flows will often be necessary also* 

C*9*c> Contingency -Provisions 

Provisions must be made in the design for sp^ific, unusual, or emergency 
conditions ihat may occur at the site, such as: 

# Equipment or unit failure 

• Natural disasters ^oods, earthquakes, etc*) 

• Severe weather < 

* Unexpected peak flows 

The system must be evaluated to determine whether it c*a be operated satis- 
factorily under these conditions* Provisions sKould be Included to allow the 
resumption of normal operation, such as emergency pumping or additional 
storage capacity* 
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Section 

EXPECTED TREATM'^SNT PERFORMANCE 

Tli^e expected treatment perfornSance must be evaluated with respect to both 
(1) removal efficiencies for major constituents, and (2)^ remaining concen- 
trations in the renovated water* It should be predicted realistically based on 
the method of application, degree of preappUcation treatment, site character- 
istics, and design parameters* Fluctuations in performance duri&g loading 
cycles or as a result of seasonal climatic variations, should be considered* 

D*l* REMOVAL EFFICIENCIES FOR MAJOR CONSTITUENTS ' 

The renaoval efficiencies, or the percentage reduction in concentration of each 
of the major wastcivater constituents must be estimated* Removal efficiencies, 
based on data derived from operating systems, that may be expect^ for, well- 
designed and properly maintained, irrigation, overland flow, and infiltration- 
percolation systems are given in Table 12* Predicted efficiencies should be 
estimated for each constituent, and a description of the removal mechanism, 
particularly for constituents such as nitrogen, where removal efficiencies are 
highly variable, should be Included either in the project report or a supplement* 
The values in Table 12 are presented for evaluation, not design purposes* De- 
sign values must be developed on a case-by-case basis* Faptors such as chang- 
ing climatic conditions or changing operating procedures that m^y cause fluc- 
tuations or permanent changes in the removal efficiencies should be identified* 
Expected long-range changes ^ such as those resulting from eatfiaustion of the 
ion^exchange capacity of the soil, should be identified and provisions made for 
soil amendment isdditions, upgrading or preappUcation treatment, or cessation 
of application* 



Table 12, REMOVAL EFFICIENCIES OF MAJOR 
CONSTITUENTS FOR MUNICIPAL LAND-APPLICATION SYSTEMS 
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Removal efficiency, % 






Application method 








Overland 


InfiltraUon" 


Constituent 


Irrigation 




percolation 


BOD 


984- 


92+ 


85-99 


COD 


95+ 


80+ 


50+ 


Suspended solids 


98+ 


92+ 


98+ 


Nitrogen <total as N) 


85+ 


70-90 


0-50 


Phospbonis (total as \ 


80-99 


40-80 


60-95 


Motals 


95+ 


50+ 


50-95 


Microorganisms 




98+ 


98+ 
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Expected removal efficieneiefi must be determined for each individual case 
based on the wastewater characteristic s» site charaoteristips^ and spe.clflc 
design features* For examp?.c, consider phosphorus removal for ah overland 
flow system* Assuming th^ the total concentration after preapplication treat- 
ment is known, what removal efficiency can be expected? Without pilot work 
to serve as a basis for estimation, a review of the literature must be used* 
Representative reports dealirs with phosphorus removal include those by Law 
l84] ; Kirby [76l , Thomas U64] , and Hunt [67] * To properly assess the ex- 
pected removal, comparisons must be made of the systems described in the 
literature with the system in question on the following points; 

• Total concentration applied to the land 

• Total annual loading, Ib/acre/yr 

• Percentage of applied wastewater appearing as runoff 

• Soil type ^ ^ 

• Evapotranspiration 

• Amount of percolation 

• Crop type and uptake of phosphorus 

• Was the crop removed from the field ? 

• Application cycle 

• Length of the runoff slope 

Amount of rainfall during period of measurement 

Obviously, few of the conditions will be comparable so that some ^gineering 
judgment will be required* Eaph removal mechanism (Q-E. 1* c*), such as 
crop uptake, microbial uptake, and fixation by the soil, must be inves^tlgated 
and the expected removals estimated. 

The process of determining expected removal efficiencies can often be complex* 
The degree of detail expected in deriving these estimates will depend on the im- 
pact of the constituent on the environment and the concentration required in the 
renovated water* 
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REMAINING CONCENTRATIONS IN RENOVAfTED WATER ^ : 

The remaining concentrations of the major constituents ^ih the renovated watiffr^ 
should be determined from concentrations of the wastewater applied and the ^ 
predicted removal efficiencies* They should be compared to the concentra*- 
tlons required for the receiving waters, either groundwater or surface water, 
or to requirements for further reuse* Generally, to be acceptable, the con- 
centrations should be well within the limits of stated requirements* 
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PART III 

OPERATION AND 
MAINTENANCE MANUAL 
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Section A 



EPA- CONSlDEItATIONS FOR PREPAHATION OF OPEKATION 
AND MAINTENANCE MANUALS 




moe with the suggested guidelines presented in the EPA pulAicatiou Conaider- 
atioDS for Preparation of Operation and MaintenapCe Manuals [ isil > which is 
hereafter referred to as the "Considerations Manual*" They should be 
reviewed and evaluated by means of the chectdist included in the Considerations 
Manual> and v/ith regard to special considerations for land-application sys- 
tems presented in this and the following sections. 

Discussion of the information that shoulijl be included in operations and 
maintenance manuals for land- application systems is presented ijpt the Jbllow- 
ing subsections by suggested chapter titles* Detailed discussion of information 
concerning operating procedures^ monitoring^ and impact control is con- 
^^tained in Secticms C^ and D* Th^ format suggested herein and in the 
Considerations Manual is intended to be flexible and may be modified to fit 
the particular system at hand* The uniqueness of many land-appUcaticm ^ 
systems must be reflected in the operation and maintenance manuals^ and 
greater-than-normal emphasis must be placed qa their preparation> especi- 
ally in the explanation of the unique aspects* ' * 

A.l* INTRODUCTION 

The introduction to an operation and maintenance manual should include; 

• A manual user guide 

V 

• Summaries of operation and managerial responsibilities 

• Description of the treatment concept employed and treatment 
requirements 

• Explanation of flow patterns 

A d^cussion of the c(»itents of the introductory chapter and examples showing 
the scope of information that should be included is contained in the Consider* 
ations Manual* 

The description of treatment requirements should highlight requirements 
with respect to groundwater including meeting requirements of BPT for 
groundwater protection^ as wel\ as effluent limitations for that portion of 
the renovated water that may be\ r^overed. - 
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la maiiy cas9s^ a brief sunamaiy of basic land-applicatioD principles may be 
helpM^ particularly for users of the mapual who have had experience only 
with conventional treatment systems* 

A. 2. PERMITS AND STANDAilDS 

The chapter on permits and standards should in61ude: 

• Discharge permit and permit requirements (for point-source 
discharges) 

• Beporting procedures for skills of raw or inadequately treated 
sewage ^ 

• Water-qualifjf standards 

The suggested contents of the chapter are discuss.^d in the Considerations ^ 
Manual and are applicable, at least in part^ to most laad-appUcation systems* 
Special consideraticm must be given to standards relating to the groun<^vater* 

A* 3* DESCRIPTION, OPERATION AND CONTROL OF WASTEWATER 
TREATMENT FACILITIES v 

This chapter will be the heart of the operation and maintenance manual i^ 
which each component of the land-application system is described, and the 
operation and control procedures are detailed* The chapter should be sub- 
divided by components, with the following subdivisions suggested for land- 
application systems in place of those suggested on page 56 of the Considerations 
Manual: 

• PreaK>lication treatment facilities 

• Transmission system 

• Storage facilities ^ 

• Application of effluent 
t Soils and plants 

• Recovery systems 

The major system components should be subdivided into units to allow a 
thorough description and to aid in understanding the interactions of the 
various units* 
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Information tliat should be presented for each individual component includes: 



• . Description of component and major subcompont^^s 

• Beiationship to adjacent components 

• Methods of control 

• Startup 

• Normal operation 

"f 

• Common operating problems 

• Alternate operation ' 

• Emergency operations and failsafe procedures 

m Monitoring and laboratory controls ' * 

The preceding list has been slightly modified from the one suggested in the 
Considerations Manual; however, the discussion and examples coiitained there- 
in are generally applicable for land-application systems* It is expected that 
further modification will be necessary or desirable for various components of 
many systems* 

Additional considerations pertinent to the content of this chapter are discussed 
in Sections C, and D* 

A A. nESCRIPTION, OPERATION AND CONTROL OF SLUDGE- 
HANDLING FACILITIES 

Sludge-handling facilities should be described and operating and control proce- 
dures. should be outlined in this chapter* The extent and significance of the 
chapter will be highly variable and will depend upon the me&od and degree of 
prbapplication treatment to be emplqyed* In many cases, the entire chapter 
may be unnecessary if sltidge-handling facilities are not complex and are 
included in the previous chapter (ni-A*3*)* 
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A*5;^ PERSONl^EL 



Personnel requirements should be discusced with respect to: 



• Manpower raquirements/stafC 

t Qualifications « 
t Certification 

Consideration must be given to special skills and qualifications necessary for 
land-application systems, such as Qiosc relating to agricultural pracMces and 
groun<hvater monitoringt In all oQier respects, the discussion £u the Consid- 
erations Manual is generally applicable to land-application systems* 

A. 6. LABORATORY TESTING 

llie material to be presented on the laboratory testing program should 
generally include; ' ' ^ 

t The purpose of the sampling program \ \ 

t The sampling schedule. 

• The list of operation/laboratory references / 

• Interpretation of laboratory tests 
t Sample laboratory worksheets 



The suggested format and discussion of the laboratory testing .program con- 
tained in the Considerations Manual are applicable in most respects to most 
land-application systems; however, a wider range of tests, such as those to 
determine the uptake of certain constituents t^y crops, and various soils tests 
are often necessary^ Additional specific considerations for land- application 
systems are discussed^ later in Section 

A.7-A, 13* REMAINING MANUAL CHAPTERS ' 

Ibe remaining chapters to be included in the operation and maintenance manual 
will normally deal with: 

At7t Records 

Af 8* Maintenance 

Af 9t Emergency Operating and Beaponse Program 




4 



120 



132 



A. 10. Safely - ' ; 

A. 11. Utilities, 
' A. 12. Electrical System 
A.13. i^endixes 

Each is discussed In detail in the Consideration? Manual, and is generally 
applicable to all wastewater treatment systems, including those employing 
land application. Modification of the suggested format may be ne'cessary or 
desirable in many cases so that the manual m&y be tailored to fit each 
system. 
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section B I 0 

OPERATING PROCEDURES 

A number of special t&pics concerntoff operating procedures ^r land-appli- 
catiOD systems are discussed in fhis section, includiBg: 

• ApplicaUoD of effluent 

• Agricultural practices 

* 

• Recovery of renovated water ^ ^ 

• Storage 

• Special problems and emergency conditions 

Operating procedures for system components that are generally common to 
conventional systems, such as those jEor preapplication treatment facilities, 
are not discussed. ' . 

, B. 1. APPLICATION OF. EFFLUENT 

^ The procedures for' the application of effluent to the land must be clearly 
defined because many distribution sys^^ms will be unique and the operators 
must be able to vary the application in response to environmental changes* 
Descriptions of the application system jcmd the operating procedure should be 
included in Chapter 3 of the operation and maintenance manual. Considera-* 
tions relating to both the distribution system and the schedule of application 
are discussed in the ^Uowin? paragraphs. r 

B.l» a. Distribution System 

The distribution system should be described and the operating and control 
procedures outlined in ^ manner similar to the oth&r components, as described 
previously in Subsection ni-A*3. For most systems, including those for 
overland flow and infiltration-percolation facilities, operating procedures 
will be based primarily on standard irrigation practices. Standard references 
on irrigation [115, 155, 1841 should be consulted along with manufacturer's 
operating instructions. Valve seqpences, operating pressures, startup and 
shutdown procedures should be detailed. Solution of typical problems that 
may be encountered with the distribution of wastewater, such as the clogging 
of nozzles with suspended solids, should be included. ^ C 
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B. Itb Schedule of Application 

Because this portlOQ of the manual will be referred to frequently, it is 
imperative that application schedule detaili^ be presented clearly* Effluent 
application schedules should be presented m terms ol the rates , periods of 
.^plication and resting, and seasonal variations as developed in the design 
{U-C\6.). Also included should be the secjuence of rotation of plots or basins, 
seasonal variations in rotation > and descriptions pi conditions that may require 
temporary cessation of application* The range of acceptable application rates 
and ratios of resting to wetting should be included as a guide to assist oper- 
ators in making necessary operational changes* I 

B*2* AGRICULTURAL PEACTICES 

Operating procedures relating to agriculture will play a major role in the 
operation of irrigation systems , and a le^§GJS^t sUll signikcant role for 
overland flow and infiltration-percolation systems* Procedures regarding* 
agricultural practices should normally be described under "soils and plants" 
in Chapter 3 of the manual {III-A*3*)* Factors relating to agriculture that 
are discussed in this section include: 

• Purpose of the crop 

• Description of crop requirements 

• Planting^ cultivation^ and harvesting 
B.2*a* Piirpose of the Crop 

The purpose for which vegetation is to be grown should be stated clearly in 
the manual so that the system may oe operated to best achieve thai^goal* The 
primary consideration of importance to the operator is whether optj^ofilzation 
. of crop yields or maximization of renovation and effluentapplication ^s to be 
emphasized* Other desired results, such as increased infiltration rates, 
and combinations of desired results should also be described, 

B.2*b* Description of Crop Requirements ^ \ 

Crop requirements should be specified with respect to: 

4 W^ter requirements and tolerance 

* 

• Nutrient requirements 

• Necessary soil amendments 
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# Climatic coDditions 

• Public health requirements 

r 

^Mefliods for evaluating crop performance wifli respect to these requirements 
and operating procedures to ehsure that the requirements are met should be 
described. 

B. 2. c. Planting, H|tr vesting, and Cultivation 



Procedures should be described for all aspects of crop management, including: 
planting, harvesting, and cultivation. A general schedule for Cjcop manage- 
ment should be included, and meUiods of determining optimum dates for 
planting, hai^esting, and cultivation should be explained. Related events and^ 
requirements^ sucKas Uie requirement for ceasing ai^lication a certain 
number of dayk prior to harvesting^, should also be described. 

B.3. RECOVERY OF RENOVATED WATER 

Operating procedures for the recovery of renovated water should be descritjad 
for all systems which employ: (1) pumped wiflidrawal, {2) tile drainage, or 
(3) collection o£ runoff from overland flow. Detailed considerations for the 
operation and maintenance of recovery systems are presented iu various 
references, mosynotably in Drainage of Agricultural Land [38] . Standard 
procedures, operating parameters, and methods of control should be listed 
for bofli noiftnal flow conditions and peak flows. ^Quality monitoring and dis- 
charge requirements should also be listed, ^y point source mimicipal dis - 
charge requires a permit xmder'flie NPDES program. Systems built wifli EPA 
construction grant funds are controlled by conditions of flie construction gratat. 
Special procedures for xmusual or emergency conditions, such as flie collection 
and storage of contaminated storm runo£C for later application, should be 
described. 

B,4. STORAGE 

Storage of effluent to be applied will often present special problems for land- 
application systems, in that large volumes of water must frequency be stored 
for long periods of time. For this reason, procedures for flie operation of 
Uie effluent storage facilities should be described in detail. If ^ potential 
for special problems, such as odors resulting from anaerobic conditions 
or the growth of unjvanted aquatic life exists, special procedures and meUiods 
of control should be included. 

B.5. SPECIAL PROBLEMS AND EMERGENCY CONDplONS 

Operating procedures for special problems and emergency conditions should 
be described in Chapter 9 of the manual . Design features witii respect to 
flexibilify (n-C,8,) and reliabilify ^^'^'"^ Hie basis for any 

special operating procedures that m^^e required. • 
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SectlOD C 



MONITQBING 



The mcDitoring requiremeDts of a land-applicatiOD system must receive 
special consideratiOD^ because of the wide variety and complexity of para- 
meters and effects that should be aoaly^ed, Requiremeuts should be 
described with respect to each system component in Chapter 3 of the 
Operations and Maintenance Manual and with respect to laboratory testing in 
Chapt«^r 6* If^ifae monitoring requirements are (^omplex^ it may be appropriate 
to devote an entire chapter to the monitoring program or to expand Chapter 6 
(Laboratory Testing) to include a description of the entire program* 

In the following subsections^ monitoring considerations that should be included 
in the operation and maintenance manual are discussed with respect to: 

• Parameters to be monitored ^ 

• Monitoring procedures 

< 

• ^bitcrpretation of results 

C.l* PAEAMETERS TO BE'MONrrORED 

As in most conventional treat3jient facilities , concentrations of certain constitu- 
ents should be monitored at various stages in the treatment process* Gener- 
ally, for ' md-appiication sy.^tems, water quality should be analyzed at the 
following stages: ^ 

• 'ifluent into the system 

• Foliowing preapplicatlon treatment 
« Following storage 

• Groundwater 

• Recovered water (fi^om pumped withdrawal, underdrains, 
or collected runofif from overland fiow^ 

Water-qualify^arameters that must be analyzed at each of these stages, will 
vary* Monitcriig at the first three stages will be primarily for system control 
and optimization purposes^ Consequently, the parameters to be analyzed will 
be those identified as Lidexes of previous treatment efficiency, and those that 
may indicate the requirement for jp^rational adjustments durijig subsequent 
treatjnent processes , 
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Water quality parameters that should be analyzed in the groundwater are those; 
(1) given in the proposed Criteria for Water Quality [29] , or any revisions 
- thereof, ^) required by state or local agencies, (3\ given in the report on 
Alteraative Waste Treatment Manageigent Technigt ^ s for Best Practicable 
Waste Treatment [3] and anyirevislons thereof, and (^) necessary for system 
control. Monitorjtiig requirements for recovered water will depend upon the 
dispbsitioa of that water. If the water is to be discharged, the parameters 
to be analyzed must include those required in the NPDES permit. If the water 
is to be reused; analysis of additional parameters may be ^required by cogni- 
zant public health agencies. 

In additLon» a variety of other system effects, in some cases, should also be 
monitored both at the site and in the surrounding drea. These include: 

• Groundwater levels and directioli of flow ([-C.2.e*) 

• Plq^sical and chemical soil characteristice ([-C*2,c.l) \ 

• Growth and production characteristics of crops or vegetatic© 

• Various environmental effects (on adjacent land, animal and insect 
lives, etc.) 

r 

C,2. MONITORING F!ROCEDUKE 

Detailed procedures for monitoring must be described for each aspect of the 
monitoring program, including the location of sampling points, and the fre- 
quency of sampling. Descriptions of the "appropriate laboratory tests, where 
the test is to be performed, and by whom, should be included in Chapter 6 for 
each parameter that is to be monitored. The type of scope of information 
that is being sought should be described. Blakeslee [l4] presents some sug- 
gested procedures for groundwater monitoring. 

C;3. INTERPRETATION OF RESULTS 

Charts, graphs, ranges of satisfactory values, and upper limits requir^g 
remedial action mustbe included for each major parameter where applicable. 
A range of results that are to be expected during normal operation should be 
indicated » along with those results that may be an indication of a malfunction 
in the system. ' Whenever possible, indications of malfunctions should be re- 
lated to appropriate measures of control and corrective procedures (II1-D.3). 

During the initiaz years of operation, monitoring results should be analyzed 
and reviewed witih the designer or va^iQys specialists . For example , inter- 
pretation of groundwater data by a geolq^drologist may be necessary. Results 
that should be referred to personnel outside the normal operating staff should 
be identified. 
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C. 4. SURVEILLANCE AND REPORTING ^ 

Those results which relate directly to NPDES permits or other requirements 
should be speciHcally noted, as should results which come under the surveil- 
lance of various agencies such as state or local water resource boards or 
public health agencies. 
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SectioD D 
IMPACT CONTROL 



An important consideration in the review of the operatiOD and maintenance 
manual is-whetber the control of potential adverse eftects has been adequately 
addressed. Each potential adverse effect that was identified in the fadflitles 
ptan and environmental assessment (i-F.) should be considered. As^^ts 
of impact control that should be included are: ^ 

% Description of possible adverse effects / 

• Indexes of critical effects - / 

• Methods of control 

• Methods of remedial actioa^ 

D* 1* DESCRIPTION OF POSSIBLE ADVERSE EFFECTS 

All possible adve'^^se effects of the system, including environmental, public 
health, social, and economic effects that were ^previously identified in either 
the planning or desijpi stage should be identified and described* The intro-^ 
ductoi7 section of Chapter ^ of the manual is suggested as a reasonable place 
to pj^eseni this information* In addition, possible adverse effects that may 
result from any one particular component of the system should be discussed 
in Chapter 3* 

D, 2* INDEXES OF CRITICAL EFFECTS ^ 

Critical effects of a treatment syatem are those adverse impacts that must be 
controlled* Whenever possible, these indexes or first indications of critical 
effects should be described* They should be related to: 

• Results of monitoring program 

• l^usual or emergency conditions at the site 

• Malfunction of various system components 

• General observations of the operator 

Provisions should be made so that the overall effects of the system based on 
all available information nan be routinely monitored. 
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METHODS OF CONTROL 

Methods of control should be described with respect to both normal operating 
controls and procedures^ and adjustments or modifications to those procedures 
for each p&sslble adverse effect* For example » elimination of standing water 
on the application area will normally be a standard procedure for most sys- 
tems; however, it is also a method of control for mosquito breeding* Gener- 
ally, each method of control should be described by component hi Chapter 3 
of the manual (in-A*3*) and should be specifically related to the effect it 
controls (ni^-D*!*), and to the indication of that effect (III-D*2*}* 

A convenient way of relating, indications of critical effects to the appropriate 
methods of control is through the inclusion of a section on troubleshooting. 
Provisions should be included for the periodic reevaluation of pontrol methods, 
particularly for the control of long-range effects* It should; however, 1)6 
emphasized that land application is a dynamic process and that monitoring 
results will often be variable. Consequently, control measures that take 
trends into account should be employed* 

D*4* METHODS OF REMEDIAL ACTION 

Remedial actions should be described for the vsprious adVerse effects that may 
result from system or component failure, accidents, and other unusual or 
emergency conditions* The objectives of tiiese actions should be to prevent 
or minimis^e the adverse effects when emergency conditions are encountered, 
or to correct the situation once damage has been done. Depending on the 
system, necessary remedial actions may generally be described in Chapter 9 
of the manual, Emergency Operating and Response Program (BI-A)* 
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Appendix B 
SELECTED ANNOTATED BIBLIOGRAPHY 



In this appendix, 17 references that may be of value to the reviewer are listed 
and briefly described. The first three references provide an assessment of the 
state-of-the-art of land application and the fourth is an extensive annotated bibli- 
ography* Following the existhig guidelines for operation and maintenance 
manuals are a group of three proceedings from recent conferences, each with a 
number of papers by various authors, in v/hich a wide range of different topics 
are addressed. The remaining references include technical handbooks and indi- 
vidual papers which address a number of specific topics* 

1- Pound, E. and R. W, Crites. Wastewater Treatment and Reuse by Land 
Application, Volumes I and IL Office of Research and Development, 
Environmental Protection Agency. August 1973. 

In the summary report (Volume I), the results of a nationwide study conducted on 
the current knowl^ge and techniques of land application are given. Factors in- 
volved in system design and operation are discussed for irrigation, overland 
flow^ and infiltration-percolation methods. In addition, evaluations are ma^lQ-^ 
environmental effects, public health considerations^ and costs. 

In Volume II, detailed examinations are made of the literature and the selected 
sites visited. The relationship between climate and land application is examined. 
The state-of-the-art of land application of industrial wastewater is also reported. 
In addition, sections on cost evaluation^ and land-application potential, and his- 
tories of several cases of irrigation abandonment are included. 

2. Sullivan, R. H. , et al. Survey of Facilities using Land Application of Waste- 
water. Office of Water Program Operations, Environmental Protection 
Agency. July 197i. 

The results of a field survey of 63 municipal and 19 industrial systems in 1972 
usiaig irrigation with wastewater are presented in this report. The data col- 
lected are analyzed statistically using five climatic zones for the U. S. Abstracts 
from foreign e^fperience and a state -by- state summary of health regulations are 
included. The appendix material is quite valuable since it includes all the raw 
data from the visits plus narratives and results of a parallel mail survey of 78 
municipalities and 36 industries. Also appended are two excellent papers by 
Richard E. Thomas, soil scientist with the EPA. 
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3 . Reedj S. C, Wastewater Managemect by Disposal on the Land. Special 
Report 171. Cold Regions Research and Engineering Laboratory. 
U.S. Army Corps of Engineers. Msy 1972. 

This state-of-the-art review considers three land disposal techniques: spray 
irrigation, overland runoff, and rapid infiltration. Each technique is considered 
indetailt including such aspects as wastewater characteristics, water^quality 
goals, site conditions, operational criteria, and ecosystem response. The con- 
cept of renovative capacity is introduced in which the assumption is that there is 
a finite depth of soil in which major renovation occurs. The report was pre- 
pared by a multidiscipUned team including hydrologists, geologists, climatcl- 
ogistSj soil scientists, and sanitary engineers. The emphasis is on environ- 
mental responses to land application, but design components are discussed. 

4. Land Application of Sewage Effluents and Sludges: Selected Abstracts. 
Office of Research and Development, Environmental Protection Agency. 
1974. / 

This document is a combined annotated bibliography of a wide range of subject- 
matter related to application of sewage effluents and sludges to the land. Using 
the EPA document. Agricultural Utilization of Sewage Effluent and Sludge (pre- 
pared by Dr. Law) as a basis, inputs were received from (1) the state-of-the- 
art study by Pound and Crites ll25] » {2) the literature survey by Sullivan (160) , 
(3) the Joint Conference at the University of Hlinois {see No. 8), and (4) the 
state-of-the-art assessment of sludge spreading conducted by Battelle Columbus. 
These selected abstracts have been indexed by author, title, and location (ior 
case studies). A strict division has been made between abstracts dealing with 
effluents and those dealing with sludges. 

5* Green, R. L., G. L. Page, Jr., andW.M. Johnson. Considerations for 
Preparation of Operation and Maintenance Manuals. Office of Water Pro- 
gram Operations, Environmental Protection Agency. 

In these guidelines, general considerations for the preparation of operation and 
maintenance manuals are presented, and a format for the manual is suggested. 
Each of the twelve chapters from the suggested format is then described in 
detail with respect to content, scope, and useful references. Cuecklists are 
included for evaluating the operation and maintenance manuals for both munici- 
pal wastewater treatment facilities, and for pumping station and/or pipelines. 
In addition, guidelines for estimating manual preparation costs a^e included. 
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6, Sopper, W. E, and L, T. Kardos, (ed,). Recycling Treated Municipal 
Wastewater and Sludge through Forest and Cropland. University Paric, 
Pennsylvania. The Pennsylvania state University Press. 1973. 

The proceedings of a symposium co-sponsored by the Pennyslvania State 
University, the U.S. Department of Agriculture {Forest Service), and the 
Environmental Protection Agency, and held in 1972 are presanted in this book. 
Thirty-two separate papers are included, with topics ranging from the funda- 
mentals' of soil treatment systems to research needs. Wastewater quality 
changes during recycling, and responses of the soil, vegetation, and other ele- 
ments of the ecosystem are discussed. Examples of several operating and pro- 
posed systems are reported, and the status of guidelines for land disposal of 
wastewater are discussed. 

7, Proceedings of Conference on Land Disposal of Mun'^^'pal Effluents and 
Sludges. Rutgers University. March 1973. 

Current research and studies on land application of municipal effluents and 
sludges are reported in nineteen separate papers. Overviews of land treatment 
are presented from the viev/pQint of the Environmental Protection Agency, an 
environmentalist, and a state regulatory director. Topics relating to the current 
icnowledge of wastewater characteristics, fate of materials applied, and public 
health effects are addressed. Preliminary results of Environmental Protection 
Agency research and state-of-the-art studies are also given. 

8, Proceedings of the Joint Conference o.i Recycling Municipal Sludges and 
Effluents on Land. Champaign, Ulinois. July 1973, 

This document includes information gathered at the Research Needs Woricshop, 
sponsored by the ad-hoc subcommittee of EPA-TJSD A- Universities representa- 
tives- In addition to reports of the ten woricshop sessions, twenty-four individual 
papers on aspects of soil treatment ranging from inorganic reactions in the soil 
to public acc^tance of new systems are presented. ' Soil-plant relationships, and 
crop and food chain effects are described. Some of the capabilities of the Soil 
Conservation Ser\lce and the Agricultural Extension Service are outlined and 
some inforxnal opinions on the outloolc of the Food and Drug Administration are 
given. 

9, Pair, C. H. (ed,)* Sprinkler-Irrigation, 3rd Edition and Supplement, 
Silver Spring, Sprinkler Irrigation Association. 1969 and 1973, 

In this book, all aspects of spi^ay irrlgatioa design from pumping plants to distri- 
bution systems are discussed. Besides crop irrigation* uses of sprinklers such 
as for environmental control (frost and heat control), fertilizer, a;nd chemical 
applications, waste disposal, and fire protection are delineated. Soil-plant- 
water relations are explained with all current techniques for management of 
irrigation. Irrigation water ri(uuii*ements for many crops are included along 
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with methods for determining water demands. The tejct is especially use&l in 
the l^ydrmdic design of sprinkler systems. 

The supplement, published in 1973, consists of an additional four chapters 
including (1) turf irrigation, (2) continuously moving mechanical sprinkler sys- 
tems, (3) land application of liquid wastes (good design advice), and (4) thermo 
plastic pipe* 

10. Zimmerman, J, P* Irrigation. John Wiley & Sons, Inc. New York. 1966* 

In this book, Zimmerman presents a comprehensive engineering approach to the 
design of irrigation systems* All aspects of the system are discussed, and a 
wide range of design elements is described for e^ch of the irrigation methods 
{corrugation and fiirrow, border strip, sprinkling, ilash flood spreading, and 
subifrigation)*" Other elements that are related to the system, such as reser- 
voirs, canals, pumping, piping, and measuring devices^ are also described. 

11. Drainage of Agricultural Land. Soil Conservation Service, U. Depart- 
ment of Agriculture. Water Information Center, Inc. 1973. ^ 

This handbook, which was reproduced from the SCS National Engineering Hand* 
book, presents a complete discussion of drainage principles as well as detailed 
descriptions of design features. Both surface and subsurface drainage are con- 
sidered. In addition^ sections on dikes, drainage pumping, drainage of organic 
soils, and drainage of tidal lands are included. 

12. Chapman, h.D. , (ed.). Diagnostic Criteria for Plants and Soils. Abilene, 
Quality Printing Company, Inc. 1965. 

In this comprehensive reference) the effects of a large number of elements on 
plants and soils are described. Methods for diagnosing the existing status (defi- 
ciencies or toxic levels) and control provisions are described for each element. 
The ejects of alkali and saline soilS) and organic soil toxins are also consid- 
ered. In addition, an ejctensive table is included, which shows levels of various 
elements {ranging from deficient to toxic levels) for a large number of plants. 

13. Thomas, R.E. and C. C. Harlin, Jr. Experiences with ^.and Spreading of 
Municipal Effluents. First Annual IFAS Workshop on Land Renovation of 
Wastewater in Florida. Tampa, Florida. June 1972. 

An overview of the use of land application as a treatment process is presented, 
in which the three major methods (infiltration-percolation^ cropland irrigation, 
and spray*runoff) are defined. The general applicability and potential of each 
method are discussed, and Environmental Protection Agency-sponsored research 
projects are described. 



14* Thomas, R. E. Spray-Runoff to Treat Raw Domestic Wastewater. 
International Conference on Land for Waste, Management. Ottawa, 
Canada. October 1973. 

Field studies conducted hy the Environmental Protection Agency at Ada, 
Oklahoma, in which the capabiiit^fes of a spray-runoff (overland flow) system 
were evaluated^ are described. During the 18-month study period^ com- 
minuted raw wastewater was applied to three experimental plots at varying 
loading rates. Results of the study are discussed^ with removal efficiencies 
being reported for: COD^ BOD^ TOC, nitrogen, phosphorus, and suspended 
solids. 

15* Bouwer^ H. ^ R, C. Rice^ and E. D. Escarcega. Renovating Secondary 
Sewage by Ground Water Recharge with Infiltration Basins. Office of 
Research and Monitoring^ Environmental Protection Agency. March 1972. 

A five year infiltration-percolation demonstration project at Flushing Meadows, 
Arizona, is detailed in this report. The feasibility of renovating activated sludge 
effluent was studied using six parallel basins in loamy sand. The wide variety 
of application schedules that were tried are described in the report, and results 
of the groundwater analyses are given with respect to: suspended solids^ BOD, 
fecal coliform, nitrogen^ phosphorus^ fluorides^ boron, and heavy metals. 
Special emphasis is given to nitrogen removal. 

16. Law, J. P., R. E. Thomas, andL. K. Myers. Cannery Wastewater Treat- 
ment by High-Rate Spray on Grassland. Journal WPCF, 42, No. 9, 

pp 1621-1631. 1970* 

A one-year study of an industrial spray-runoff (overland flow) system in Paris, 
Texas, is described in this report. Four separate plots of varying slopes, 
lengths, soil conditions, and periods of operation were studied. Summaries of 
quality analyses are pre;^ted for the wastewater applied, system effluent, and 
soil water. Removal efflcifencies are presented with respect to: BOD, COD, 
suspended solids, nitrogen, and phosphorus. 

17. Kirby, C. F. Sewage Treatment Farms. Department of Civil Engineering. 
University of Melbourne. 1971. 

In this paper, the three methods of treating wastewater from the City of 
Melbourne - land filtration, grass filtration, and lagooning - are discussed. The 
land filtration process consists of pasture irrigation with grazing by cattle and 
sheep. Grass filtration, known in the United States as overland flow, is notable 
because it is the only known full-scale system using municipal wastewater. Also 
of note is the fact that in this system wastewater is applied by flooding, as op- 
posed to spraying, which is the only application method presently employed by 
U*S. industrie.s. Loadings and removals of various wastewater constituents are 
included in the p^i^er. 
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GLOSSARY OF TERMS, ABBREVUTIONS; SYMBOLS, 
AND CO^fVERSION FACTORS 



TERMS 



AdsorptiOD — A process in which soluble substances are attracted to and held at 
the surface of soil particles. ' ^ 

Aerosol — A suspension of fine solid or liquid particles in air or gas. 

Alkali soil — A soil with a high degree of alkalinity of 8.5 or Hgher) or with 
a hi^ exchangeable sodium content (15 percent or more of the exchange capac- 
ity), or both. 

Application rate — The rate at which a liquid is dosed to the land (in./hr, ft/jrr, 
etc,). 

Aquifer — A geologic formation or stratum that contains water and transmits it 
from one point to another in quantities suffLcieut to permit economic development. 

Border strip method — Application of water over the surface of the soil. Water 
is applied at the upper end of the long, relatively narrow strip. 

Conductivity — Quality or capability of transmitting and receiving. Normally 
used with respect to electrical conductivity (EC). 

Consumptive use — Synopymous with evapotranspiration. 

Contour check method — Surface application by flooding. Dikes constructed at 
contour intervals to hold the water. 

Cgi ^utional wastewater treatment — Reduction of pollutant concentrations in 
wastewater physical, chemical, or biological means. 

) 

Prainabillty — Abililj- of the soil system to accept and transmit water by infil- 
tration and percolation. 

Evapotranspiration — The unit amount of water used on a given area in trans- 
piration, building of plant tissue, and evaporation from Mjacentsoil, snow, or 
intercepted precipitation in aiiy specified time. 
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Field area - Total area of treatment for a land-application system including the 
wetted area* 

Fixation " A combination of physical and chemical mechanisms in the soil th^t 
act to retain wastewater constituents within the soil, incli. ling adsorption, 
chemical precipitation, and ion exchange. 

fl ooding -A method of surface applic^tib^i of water which includes border strip, 
cv^ntour check, and spreading methodsN. \ 

Grass filtratio n - See overland flow. 

Groundwate r — The body of water that is retained in the saturated zone which , 
tends to move by hydraulic gradient to lower levels. 

Groundwater table - The free surface elevation of the groundwater; this level 
will rise and tall with additions or wit^drawa' 

Infiltration - The entrance of applied wutr into the soil through the soil-water 
interface* 

Infiltration-percolation - Au approach to land application in which large volumes 
of wastewater are applied to the land, infiltrate the surface, and percolate 
through the soil pores. 

Irrigation - Application of water to the land to meet the growth needs of plants. 

Land applicatioji - The discharge of wastewater ontc the soil for treatment or 
reuse. 

Lithology - The study of rocks; primarily mineral composition* 

Loading rate - The average amount of liquid or solids applied to the land over a 
fixeti time period, taldng- into account periodic resting* 

Lysimeter ^ A device for measuring percolation and leaching losses from a 
column of soil. Also a device for collecUfig solt water in th field. 

Micronutrlent - A chemical element necessary in only small amounts (Jies^ than 
1 mg/1) for microorganism and plant growth. 

Mineralization - The conversion of an elemctit from an organic form to an 
inorganic form as a result of microbial decomposition. 

Overland flow - Wastewater treatment by rpray-runoff {also known as **gi'ass 
fiitration^' and "spray runoff") \n which wastewater is sprayed onto gently slop- 
ing, relatively impermeable soil that has been planned to vegt^atio*!. Biological 
oxidation occur as the wastewater flows over the ground and conta'^ts the biota 
in the vegetative litter. 
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Pathogenic organisms ~ Microorganisms that can transmit diseases. 

Percolation - The i^^/ement of water beneath the ground surface both vertically 
and horizontally, but above the groundwater table. 

Permeability — The ability of a substance feoil) to allow appreciable movement 
of water through it when saturated and actuated by a hydrostatic pressure* 

P hytotoxic - Toxic to plants. 

Primary effluent - Wastewater that has been treated by screening and 
sedimentation* 

Ridge and fiirrov' method - The surface application of water to the land through 
formed furrows; wastewater flows down the furrows and plants may be grown 
on the ridges* 

Saline soil ~ A nonalkali soil containing sufficient soluble salts to impair its 
productivity. 

Secondary treatment — Treatment of wastewater which meets the standards set 
forth in 40 CFR 133. 

Sewage farming — Originally involved the transporting of sewage to rural areas 
tor land disposal. Later practice included reusing the water for irrigation and 
fertilization of crops* 

S oil texture — The relative propoitions of the various soil separates - sand, 
siltj and clay. " ^ 

Soil watbr ^ That water present in the soil pores in an unsaturated zone above 
the grcAidwater tably 

Spraying - Applicaf^on of water to the land by means of stationary or moving 
sprinklers. ^ 

Spray-runoff - Se^ overland flow. 

Tilth - The pl>y^ical condition of a soil as related to its ease of cultivation* 

Transplru^on - The net quantity of water absorbed through plant roots that is 
used directly in bull ling plant tissue, or given off to the atmosphere 

Viruses Submicroscopic biological structures containing r ^ the information 
necessary for their own reproduction. 

Wetted area — Area within the spray diameter of the sprinklers. 




ABBREVIATIONS 



acre-ft ^ acre-foot S 

BOD - biochemical oxygen demand 
BPT best practicable treatment technology 

cm ~ centimeter 

COD - chemical oxygen demand 

cu,m - cubic meter 

deg C — degree Centigrade 

deg F - degree Fahrenheit 

EC — electrical conductivity 

ECdw - maximum EC of drainage water permissible for plant growth 

ECg - EC of saturation extract ffrom soil) 
ECw of irrigation water 

ENROC - Engineering News-Record constructio" cost (Index) 

F]C>A^ - Food and Drug Administration 

fps ^ feet per second 

rt " foot 

gal. -gallon 

gpm " gallons per minute 

ha - hectare 

hr " hour 

in. — inch 

kg - kilogram 

1 - liter 




lb — pound 



m 


^ meter 


max 


"i^iaximum 


mgd 


— million gallons per day 


mg/1 


— milligrams per liter 


min 


— minute 


ml 


^ milliliter 


mm 


"millimeter 


ramho/cm"milUmhos per centimeter 


MPN 


" most probable number / 


ppm 


pans per million x,^ / 


psi 


*^ pounds per square inch 




souium ausorptjon ratio 


scs 


-Soil Conservation Service 


sec 


seconu 


sq it 


" square foot 


Sb 


— suspended solids 


STPCC 


— sewage treatment plant construction cost (index) 


TOO 


" total organic carbon 


TDS 


" total dissolved solids 


USDA 


-U,S* Department of Apcriculture 


USGS 


-U, S. Geological Survey 


wk 


— week 




- year 








les 



SYMBOLS 


•a 




Ca 


— calcium 








— potass iuiQ 




— iron 


IVlg 


£14 A^ll^ M All 


IVlil 






IJ1|,1 Ug^ll 








{Uiiti'^jim 




111 tX n-IA? 




— pQuspnurua 




__ oil 1 'n 1 1* 




— Zinc 


> 


— greater than 


< 


- less than 




— micro 



CONVERSION FACTORS 

vnillion gallons x 3.00 acre-feet 

acre-inch X 27,154 - gallons 

mg/lxft/yrx 2.y;= L/acre/yr 

mgd X 43.814 = l/s 

million gallons x 3785 = cx.m 



acre x 0*4047 - ha 
acre-feet x 1234 = cu.m 
lb/acre X 1*121 = kgAa 
inch X 2*540 = cm 
ft X 30*48 = cm 



Appendix D 



TYPICAL SUMMARY OF DESIGN CRITERIA FOR 
LAND-APPLICATION SYSTEMS 



Table D-1* IRRIGATION 



Item 



English 



Metric 



Value 



Design flpflv, avg annual 
Design peak flow 

Field area 

Water balance 

Design total annual precipitation** 

Return period 
Design evapot ran spi ration 
Design percolation raio 
Effluent application rate 

Nitrogen ^as loading rate^ 

Other constituent loading rate 

Ef fl ue ni^i^tof ^u al ity 

Sodiuiii adsorptt<^n ratio 

/ipplication rates \ 

Length of.operating season 
Hourly rite (spray application) 
Application period 
Application cycle 
Av^ weekly rate 
Max weekly raie^ 

Storage capacity 

Rate of recovery of renovated water 



acres 

In. /yr 
yr 

in*/yr 
in*/yr 
in*/yr 

ib/acre/yr 

Ib/acre/yr 

mg/l 
SAR 

wk/yr 

in./hr 

hr 

day 

tn*/wk 

in./wk 

mg 

mgd 



1/s 
l/a 

hectares 



Cm/yr 
yr 

cm/yr 
Cm/yr 
Cm/yr 

kg/ha/yr 

kg/ha/yr 

mg/1 
SAR 

wk/yr 

Cm/hr 

hr 

day 

cm/wk 

cin/wk 

cu m 

1/6 



a* Typical units are given wilh a choice between English and Metric systems. 

h* When design values of different retfirn peri^xU are used for determining liquui loading t ates and 
storage capaCilies* both values should bo shown. 

e. £f critical f indicate with an asterisk. 

d, ' Combination of one apphcatfon peno<i and on<> dryiiig period, 

e. Includes additional flow from storage withdrawal- 
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Table D^2. INFILTRATION -PERCOLATION 



Unir 



Item 

Flow 

Design flow, avg annual 
Deslgti pealt flow 

Field area 

Water balance 

Design total "uinual precipitation^ 

Return period 
Design evapotranspiration 
Design percolation rate 
Effluent application rate^ 
Design runoff rate 

Organic (BOD) loading rate^ 

Nitrogen (as N) loading rate^ 

Phosphorus loading rate*^ 

Othor constituent loading rate^ 

Application rates 
^ngth of operating season 
Avg weekly rate 
Max weekly rate 
^Application period 
Resting period 

Storage 

Rate or recovery of renovated water 



English 

mgd 
mgd 

'acres 

in. /yr 
yr 

in. /yr 
in. /yr 
in. /yr 
in. /yr 

Ib/acre/yr 

Ib/acre/yr 

Ib/acre/yr 

Ib/acre/yr 

wk/yr 
in. /wk 
in. /wk 
hr 
hr 

mg . 
mgd 



Metric 
l/a 

1/b 

hectares 
cm/yr 

yr 

cnVyr 
cm/yr 
cm/yr 
cm/yr 

kg/ha/yr 

kg/Ha/yr 

kg/^a/yr 

kg/ha/yr 

wk/yr 

cm/wk 

cra/wk 

hr 

hr 

cu m 
1/s 



Vilue 



a. Typical units are given with a choice between English and Metric systems. 

b. When desij^n values of diff&rent return periods are used for dotennining liquid loading rates and 
storage capacities> both values should be shown. 



c If critical, indicate with an asterisk. 
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Table OVERLAND FLOW 



Item 

Flow 

Design flow, avg annual 
Design peak flow 

Field area 

No. of baalns or piots 
Total area 

Water balance 

Design total annual precipitation^ 

Return period 
Design evapdransplraNon 
Design percolation rate 
Effluent application rate*^ 

Organic (BOD) loading rate^ 

Nitrogen <as N) loading rate^ 

Phosphorus loading rate^ 

Other constituent loading rate^ 

Application rates 

Len^h of operating season 
Application period** 
Rate** 

Drying or resting penod 
Storage capacity 

Bate of recovery of renovated water 



Unit*" 



English 



Metric 



Value 



mgd 
mgd 



1/s 
1/e 



acres 



hectares 



ln*/yr 
yr 

ln*/yr 

fl/yr 

ft/yr 

Ib/acre/yr 
Ib/acre/yr 
Ib/acre/yr 
Ib/acre/yr 



cm/yr 
yr 

cm/yr 

m/yr 

ra/yr 

kg/ha/yr 

kg/ha/yr 

kg/ha/yr 

kg/ha/yr 



wk/yr 
day 

in. /day 
day 

mg 

mgd 



wk/yr 
day 

cm/day 
day 

cu m 

1/0 



a. Typical units are given with a choice between English and Metric systems* 

b< When de^^ign valines of different return penods are used f<^r determining liquid loading rates nnd 
storage capacities* both values should be shown* 

c. Indicate critical loading rate by nieans asterisk* 

d. Include ranges of periods and rates 1^ stgniftcant seasonal varl£itiona exist. 
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Appendix E 
PKOPOSED CAUFORNIA REGULATIONS 



The following \s a set of regulations that has been proposed to replace existing 
California regulations* It is offered only as an example. 



STATEWIDE RECLAMATION CRITERIA FOR USE OF RECLAIMED WATER FOR 
IRRIGATION AND RECREATIONAL IMPOUNDMENTS 

California Administrative Code, Title 17, Chapter 5, Subciapter 1, Group 12 

Article 1. Definitions 

8025. Definitions , (a) Reclaimed Water . Reclaimed water means water 
which, as a result of treatment of waste, is suitable for a direct beneficial use 
or a controlled use that would not otherwise occur. 

* (b) Reclamation Plant . Reclamation plant means an arrangement of de- 
vices, structures, equipment, processes and controls which produce a reclaimed 
water suitable for the intended reuse. 

{c) Regulatojy Agency , Regulatory agency means the California Regional 
Water Quality Control Board in whose jurisdication the reclamation plant is 
located. 

(d) Direct Beneficial Use , Direct beneficial use means the use of re- 
claimed water which has been transported from the point of production to the 
point of use without an Intervening dit>charge to waters of the State, 

(e) Food Crops. Food crops mean any crops intended for human 
consumption. 

(£) Spray Irrigation . Spray irrigation means application of reclaimed 
water to crops by spraying It from orifices in piping, 

(S) Surface Irrigation. Surface irrigation means application of reclaimed 
water oy means other than spraying such that contact between the edible portion 
of any food crop and reclaimed water is prevented, 

0^) Restricted Recreational Impoundment. A restricted recreational im- 
poundment is a body of reclaimed water in which recreation is limited to fishing, 
boating, and other non-body-contact water recreation activities. 
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(i) Non-Restricted Reereational Impoundment . A non-restricted 
recreational impoundment is an Impoundment of reclaimed water in which no 
limitations are imposed on body-contact water sport activities. 

(j) Landscape Impoundment. A landscape impoundment is a body of re- 
claimed water which is used for aesthetic enjoyment or which otherwise serves 
a function intended to exclude public contact. 

(k) Approved Laboratoiy Methods. Approved laboratory methods are 
those specified in the latest edition of "Standard Methods for the Examination of 
Water and Wastewater, " prepared and published jointly by the America PubUc 
Health AssociaUon, the American Water Works Association, and the Water Pol- 
lution Control federation, and which are conducted in laboratories approved by 
the State Department of Health. 

(1) Unit Process. Unit process means an individual stage in the waste- 
water treatment sequence which performs a major single operation. 

(m) Primary Effluent . Primary effluent is the effluent from a sewage 
treatment process wliich provides partial removal of sewage solids by physical 
methods so that it contains not more than 0, 5 milliliter per liter per hour of 
settleable solids aa determined by an approved laboratory method. 



(n) Oxidized Wastewater . Oxidized wastewater means wastewater in which 
the organic matter has been stabilized, is nonputrescible* and contains dissolved 
oxygen. 

(o) Biological Treatment . Biological treatment means methods of waste- 
water treatment m which bacterial or biochemical action is intensified as a 
means of producing an oxidized wastewater as defined in (n). 

(p) Secondary Sedimentation > Secpndary sedimentation means the removal 
by gravity of settleable solids rema^jjwrig in the effluent after the biological treat- 




(q) Coagulated Wastewater. Coagulated wastewater means oxidized waste- 
water in which colloidal and finely divided suspended matter has been destabilized 
and agglomerated by the addition oi suitable floc-torming chemicals or by an 
equally effective method. 



(r) Filtered Wastewater . Filtered wastewater means an oxidized coagu- 
lated wastewater which has been passed through natural undisturbed soils or 
filter media, such as sand or diatomaceous earth, so that the turbidity as deter- 
mined by an approved laboratory method does not exceed an average operating 
turbidity of 2 turbidity units and does not exceed 5 turbidity units more than 
5 percent of the time during any 24"hour period. 




ment process. 
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(s) Lisinfected Wastewater . Disinfected w;!st8water means wastewater in 
which the pathogenic organisms have been destroyed by chemical^ l^ysical* or 
biological means. 

{t) Multiple Units. Multiple units mean two or more units of a treatment 
process which operate in parallel and serve the same fimction. 

(u) Standby Unit Process. A standby unit process if- ^n alternate unit 
process which is maintained in operable condition and whicn is capable of pro- 
viding comparable treatment for the entire design flow in the event that the unit 
for which it is a substitute becomes inoperative. 

(v) Po wer Source. Power source means a source of supplying energy to 
operate unit processes. 

(w) Standby Power Source . Standby power source means an alternate 
energy source such as an engine driven generator* maintained in immediately 
operable condition and of,sufficient capacity to provide necessary service during 
failure of the normal power supply. 

(x) Alarm. Alarm means an instrument or device which continuously 
monitors a specific function of a treatment process and automatically gives 
warning of an imsafe or undesirable condition by means of visual and audible 
signals. 

(y) Person . Person also includes any city» county* district* the State or 
any department or agency thereof. 



8030. Spray Irrigation . Reclaimed water used for the spray irrigation 
of food crops"siiall be at all times an adequately disinfected^ oxidized* coagu- 
latedj filtered wastewater. The wastewater shall be considered adequately dis- 
infected if at some location in the treatment process the median number of 
coliform organisms does not exceed 2. 2 per 100 milliliters and the number of 
coliform organisms in any sample does not exceed 23 per 100 millilitets. The 
median value shall be determined from the bacteriological results of the last 7 
days for which analyses have been completed. 

8031. Surface Irrigation, (a) Reclaimed water used for surface irriga- 
tion of food crops shall be at all times an adequately disinfected* oxidized 
wastewater. The wastewater shall be considered adequately disinfected if at 
some location in the treatment process the median number of coliform orga- 
nisms does not exceed 2. 2 per 100 niilliliters» as determined from the bacteri- 
ological results of the last 7 days for which analyses have been completed. 



Article 2. Irrigation of Food Crops 




(b) Orchards and vineyards may be surface irrigated with reclaimed, water 
that has the quality at least equivalent to that of primary effluent provided that no 
fruit is harvested that has come in contact with the irrigating water or the ground, 

8032. Exceptions. Exceptions to the quality requirements for reclaimed 
water used for irrigation of food crops may be considered by the State Depart- 
ment of Health on an individual case basis where the reclaimed water is to be 
used to irrigate a food crop which must undergo extensive commercial, physical, 
or chemical processing sufficient to destroy pathogenic agents before it is suit- 
able for human consumption. . . 



Article 3. Irrigation of Fodder, Fiber, and Seed Crops 

8035. Fodder, Fiber, and Seed Crops . Reclaimed water used for the 
surface or spray irrigation of fodder, fiber, and seed crops shall have a level of 
quality no less than that of primary effluent. 

8036. Pasture for Milking Animals . Reclaimed water used for the irriga- 
tion of pasture to which milking cows or goats have access shall be at all times 
an adequately disinfected, oxidized wastewater. The wastewater shall be con- 
sidered adequately disinfected if at some location in the treatment process the 
median number of coliform organisms does not exceed 23 ^er 100 miililiters, as 
determined from the bacteriological results of the last 7 d^ys for which analyses 
have been completed. ^ 



Article 4< Landscape Irrigation 

8039. Landscape Irrigation . Reclaimed water used for the irrigation of 
golf courses, cemeteries, lawns, parks, playgrounds, freeway landscapes, and 
landscapes in other areas where the public has access shall be at all times an 
adequately disinfected, oxidized wastewater. The wastewater shall be considered 
adequately disinfected if at some location in the treatment process the medial 
number of coliform organisms does not exceed 23 per 100 milliliters, as deter- 
mined from the bacteriological results of the last 7 days for which analyses have 
been completed. 



Article 5- Recreational Impoundments 

8042* Hon 'Restricted Recreational Impoundment . Reclaimed water used 
as a source of supply in a non- restricted recreational impoundment shall be at 
all times an adequately disiniected, oxidized, coagulated, filtered wastewater. 
The wastewater shall be considered adi.*quately disinfected if at some location in 
the treatment process the median number of coliform organisms does not exceed 
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2* 2 per 100 milliliters and the number of coliform organisms in any sample does 
not exceed, 23 per lOO milliliters* The median value shall be determined from the 
bacteriological results of the last 7 days for which analyses have been completed. 

80^* Restricted Recreational Impoundment . Reclaimed water used as a 
source of supply in a resstricted recreational Impoundment shall be at all times 
an adequately disinfected, oxidized wastewater. The wastewater shall be con- 
sidered adequately disinfected if at some ^ocation in the treatment process the 
median number of coliform organisms d6es not exceed 2. 2 per 100 milliliters, 
as determined from the bacteriological results of the last 7 days for which anal- 
yses have been completed. 

8044* Landscape Impoundment . Reclaimed water used as a source of sup- 
ply in a landscape impoundment shall be at all times an adequately disinfected, 
oxidized wastewater. The wastewater shall be considered adequately disinfected 
if at some location in the treatment process the median number of coliform 
organisms does not exceed 23 per 100 milliliters, as determined from the bac- 
teriological results of the last 7 days for which analyses have been completed. 



Article 6, Sampling and Analysis 

8047. Sampling and Analysis , (a) SamjUes f^r settleable solids and coji- 
form bacteria, where required, shall be collected at least daily and at a tipie^ 
when wastewater characteristics (highest organic and hydraulic mass loading) 
are most demanding on the treatment facilities and disinfection pi^&dures. 
Turbidity analysis, where required, shall be performed by aporitinuous record- 
ing turbidimeter^ 

(b) For uses requiring a level of quality no less than that of primary efflu- 
ent, samples shall be analyzed by an approved laboratory method for settleable 
solids. 

(c) For uses requiring an adequately disinfected, oxidized wastewater, 
samples shall be analyzed by an approved laboratory irethod for coliform bacr 
teria content. 

(d) For uses requiring an adequately disinfected, oxidized, coagulated, 
filtered wastewater, samples shall be analyzed by approved laboratory methods 
for turbidity and coliform bacteria content. 
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Article 7. Engineering Report and Operational Requirements 



8050, Engineering Report , (a) No person shall produce or supply 
reclaimed water as defined in Section 13050 (n) of the Water Code for direct 
reus'" from a proposed water reclamation plant unless he files an engineering 
report in accoKdance with Water Code Section 13522, 5, 

(b) The report shall be prtpared by a civil engineer registered in California 
and e?qpt;rienced in the field of wastewater treatment, and shall contain a descrip- 
tion of the design of the proposed reclamation system. The report shall clrarly 
indicate the jans for v:ortipliance with thest; regulations , and any oth'^r features 
specified by the regulatory agency. 

8051, Ft; rsonnel , (a) Each reclamation plant shall be provided with suf- 
ficient number of qualified personnel to operate the facility effectively so as to 
achieve the required level of treatment at all timob. 

(b) Qualified personnel shall he fhos'^ meeting requirements established 
pursuant to Chapter 9 (commencing with Section 13625) o( the Water Code. 

8052, Maintenanc e, Ap equipment maintenance program shall be pro- 
vided at each reclamation plant to ensure that aP equipment is kept in a highly 
reliable operatii^i; condition, 

8053* Operational Records and Repor ts, (a) Operating records shall be 
maintained at ^he reclamation plant or a ceL ralized depository within the oper 
ating agency* Tl^jse shall include all analyses specified in the reclamation 
criteria and records of operational problems, plant and equipment breakdowns, 
diversions to emergency storage or disposal, arr^" all corr' live or preventive 
action taken* 

Co Process or equipment failures triggering an alarm shall be recorded 
aad maintaired as a separate record Ole. The recorded information shall in- 
clude tr*e tiiTi' and cause of f?*'^jre and connective action taken* 

(c) A monthly summary of operating records as specified under aad 
(b) in this sectioi. shall be filed monthly with the regulatory agency. 

(d) Any discharge of untreated or partially treated wastewater to the use 
area, and ,he cessation of same, shall be reported by telephone to the r'^gula- 
tory agerjy, the State Department of Health, and the local ^ ^alth officer* 

8054* Bypass There shall be no bypassing of untreated or partially 
treated wastewater from the reclamation plant or an*' intermediate unit pro^ 
cesses to the point of use. 



Article 8,, General Requirements of Design 



8tJ5?, Fl exibility of Design. The design of process piping, equipment 
ai rangement, and unit structures in the, reclamation plant must allow for effi- 
ciency and conve" ience. in opera' ^n and maintenance and provide flexibility of 
operation to permit the highest possible degree of treatment to be obtained under 
varying circumstances. 

8058. Alarms , (a/ Alarm devices required for various uri' processes as 
specified in other sections of these regulations shall be installed to provide warn^ 
ing of at least tbe following process failures: 

(1) Loss of power from normal power supply. 

(2) Loss of air supply or any other event which may result in failure 
of a biological treatment process. 

(3) Loss of chlorine supply, low chlorine residual, failure of injector 
water supply, and any other event which may result in failure of a 
disinfection process. 

(4) Loss of coagulant feed and any other event which may result in 
failure of a coagulation process* 

(5) Excessive headloss, excessi' turbidity, and any other event or 
parameter which may re^'"!' t failure t a hi. ration process. 

(6) Any other specific process failure for which warnin*^ is required 
by the regulatory agency. 

(b) All required alarm devices shall be independent of the main power sup- 
ply of the reclamation plant. 

(c) The person to ue wa^^ed shall be the plant operator, superintendent, or 
any other responsible per^jon des?gn:.ted by the management of the reclamaHon 
plant and capable of taking prompt corrective action. 

(d) Individual alai m devices may be connected to a n*aster alarm to sound 
at a location where it can be conveniently observer by the attendant. In case the 
reclamation plant is not attended full time, atarm(s) shall be connected to sound 
at a police station, fire station or other full time service unit with ^vhicti arrange- 
ments have been made to alert the person in charge at times that the reclama- 
tion plant is unattended. 

8059. Power S u pply. Provisions shall be made for substitute power in the 
event of failure of the normal power supply including one of the following reha^ 
bility features: 



(a) Alarm and standby pWer soui including a». A4matic switchover to 
self-starting standby power source if the plant will not be attended continuously., 

(b) Alarm and automatically actuated short-term retention provisions for 
untreated wastewater as specified in Section 8064. 

(c) Automatically actuat^?d long-term emergency storage or disposal pro- 
visions for untreated wastewater as specified in Section 80 64. 



Article 9. Alternative Reliability Requirements for 
Uses Permitting Primary Effluent 

80ol. Primary Treatment. Reclamation plants producing reclaimed water 
exclusively for uses for which primary effluent is permitted shall be provided 
with One of the following reliability features; 

(a) Multiple i' standby primary treatment units, as specified in Section 
8064, capable of providing essentially unimpaired treatment when one unit is 
taken out of service. 

(b) i^ong-term emergency storage or disposal provisions as specified in 
Section 8064, 



Article 10. Alternative Reliability Requirements for Uses 
Requiring Oxidized, Disinfected Wastewater or 
Oxidized, Coagulated, Filtered, Disinfected 
Wastewater ^ 

8064- Definitions Relating to Reliability Requirements, (a) Multiple 
biological treatment units mean multiple tanks and multiple units of all critical 
process equipment such ac blowers, aerators, and recirculation pumps. 

(b) Standby replacement quipmenl me^ns reserve parts and equipment 
such as pumps^ v<Uves, controls, and instruments to replace broken-down or 
worn-out units which can be assembled an«i placed in opetation within a 24'hour 
period. 

(c) Uninterrupted coagulant fe^d means all of the following manc'atory 
features: standby feeders, ac, quate chemical storage and conveyance facilities, 
adequate reserve chemical supply^ automatic dosage control, and alarms to warn 
of equipment breakdown- 

(d) Unmterrupted chlorine feed n^eans the following^ mandatory features- ' 
standby chlorine supply, manifold systems to connect chlorine cylinder sciles, 
alarms to warn of malfunctions, automatic devices f^r switching over to full 
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chlorine cylindeis, and in addition may require automatic residual control of 
chlorine dogage, automatic measuring and recording of chlorine residual, and 
hydraulic performance studies. 

(e) A standby chlo^'inator means a duplicate chlorinator for reclamation 
plants ha\ing one chlorinator; duplicate of the largest unit £oi plants having mul- 
tiple chlorinator units- Ail standby equipn^ent shall be mainte 'ed in Immediate 
operable condition. 

(f) \Iultiple point chlorination means that chlorine will be applied simul- 
taneously at the reclamation plant and ct subsequent chiorination stations located 
at the use area and/or some intermediate point. It does not iticlude chlorine 
application for odor control purposes. 

{g) Where short-term retention is provided as a reliability feature, it 
shall consist of facilities reserved for the purpose of storing or disposing ol 
untreated or partially treated wastev^'ater for at leapt a 24-hour period. The 
facilities shall In'^^ ^de all the necessary diversion devices, provisions for odor 
control, conduits and pumping and pump back equipment, and shall ^ j either 
independent of normal power or provided with a standby power source. 

(h) Where long-term emergency storage or disposal provisions arc used as 
a reliability feature, these shall consist of ponds* reservoirs, percolation areas, 
downstream sewers leading to other treatment or disposal facilities or any other 
facilities reserved for the purpose of emergency storage or disposal of untreated 
or partiallj treated wastewater. These facilities shall be of sufficient capacity 
to provide disposal or storage of wastewater for at least 20 days, and shall 
include ail the necessary diversion works, provisions for odor £^nd nuisance con- 
trol, conduits and pumping and pump back equipment* The emergency equipment 
shall be either independent of nu^mal po\^ er or provided with a standby power 
source. 

(1) Diversion to a less demanding reuse is an acceptable alternative 
to emergency disposal of partially treated wastewater provided that the 
quality of the paHially treated wastewater is suitable for the less demanding 
reuse. 

(2^ Subject to prior approval by the regulatory agency, diversion to a 
discharge point which requires lesser quality of wastewater is an acceptable 
alternative to eniergeney disposal of partially treated wast * /ater, 

(3) Automatically actuated long-term emergency storage or disposal 
provisions shall include, in addition to provi^jlons of p&rt (h) of this section, 
or parts (1) or (2) of this subsection, all the necessary sensor:^, instru- 
ments, valves and other devices to enable fi'Hy automatic diversion of un- 
treated ol pirtially treated wastewater to approved emergen^^y storage or 
disposal ill the event ^f failure of a treatrnent process, and a manual re«et 
to prevent automatic restart until the failure is corrected. 
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(i) Multiple or standby primary treatment units me^n multiple or standby 
tanks and multiple or standby units of critical process equipment such as 
sludge transfer facilities. 

8u65. Pr i mary Effluen t. All primary treatment unit pro<;esses shall be 
provided with one of the following reliability features: 

(a) Multiple units to enable partial treatment of wastewater with one unit 
not in operation. 

(b) Standby primary treatment unit process. 

(c) Long-term emergency storage or disposal pi'ovisions. 

8066. Biological Treatment . All biological treatment unit processes shall 
be provided with one of the following' reliability features: 

(a) Alarm and multiple biological treatment units capable of producing 
oxidized wastewater with one unit not in operation. 

(b) Alarm, sho^'t-term retention provisions, and standby replacement 
equipment. 

(c) Alarm and long-term emc^rgency storage or disposal provisions, 

(d) Automaticall> actuated long-term emergency storage or disposal 
provisions* 

80C7. Secondary^ Sedimentation . All secondary sedimentation unit pro- 
cesses shall be provided with one of the following reliability features: 

(a) Multiple sedimentation unit*? capable of providing essentially unimpaired 
treatment when one unit is taken out of service. 

(b) Standby sedimentation unit process. 

(c) Long-term emergency ^forage or disposal provisions. 

bOfiS. Coagulation . All coagulation unit processes shall be provided with 
special provisions for uninterrupted coagulant feed and one of the following reli- 
ability features: 

(a^ Alarm and multiple coagulation units capable of treating the entire flow 
with one unit not in operation. 

(b) Alarm, short-term retention provisions and standby replacement 
equipment. 



(c) Alarm and long-term emergency storage or disposal provisions. 

(d) Automatically actuated long-term emergency storage or disposal 
provisions* 

(e) Alarm and standby coagulation unit process. 

8069* Filtration, All filtration unit processes shall be provided with one 
of the following reliabilify features: 

(a) Alarm and multiple filter units capable of treating the entire flow with 
One unit not in operation. 

(b) Alarm, short-term retention provisions and standby replacement 
equipment* 

(c) Alarm and long-term emergency storage or disposal provisions. 

(d) Automatically actuated long-term emergency storage or disposal 
provisions. 

(e) Alarm and standby filtration unit process. 

8070. Disinfection. Ail disinfection unit processes where chlorine is used 
as the disinfectant shall be provided with features for uninterrupted chlorine feed 
and one of the following reliability features: 

(a) Alarm and standby chiorina'or. 

(b) Alarms short-term retention provisions and standby replacement 
equipment. 

(c) Alarm ^d long-term emergency storage or disposal provisions. 

(d) Autom tically actuated long-term emergency storage or disposal 
provisions. 

ie) Alarm and multiple point chlorination, each with independent power 
source, separate chlorinator, and separate chlorine supply. 

8071. Other Alternatives to Reliability Requirements . Other alternatives 
to reliability requirements set forth in Articles 8 to 10 may be accepted if the 
applicant demonstrates to the satisfaction of the regulatory agency that the pro- 
posed alternative will assure an equal degree oi reliability. 
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Article il. Other Methods of Treatment 

8072, Other Methods of Treatment . Methods of treatment other than those 
included in this chapter and their reliability features will be evaluated by the 
regulatory agency on a case-by-case basis. 



Appendix F 
SOURCES OF DATA 



To assist the evaluator and engineer in data- gathering and evaluation* some 
major sources of data are listed for climate* topography* soil characteristics* 
geologic formations* ^^oundwater* and receiving water. It must be stressed 
that these do not represent all the possible sources of data. 

CLIMATE 

Information on precipitation* temperature* humidity* and winds maybe obtained 
j&rom the following sources: 

• Nationr,! Weather Service* local offices 

• Climatological Data* published by the National Weather Service* 
Department of Commerce 

» Airports 

• Universities 

• Military installations 

The National Oceanographic and Atmospheric Administration is preparing a 
report for EPA on weather parameters thai influence winter operations of land- 
application systems* This report, when available in early 1975* should be an 
excellent source of clirricttological data* 

Additionally* aata on evapotr-Tnwpiration can usually be obtained from the follow- 
ing sources: 

• Affricullural Kxtension Service 

• Agricultural Experiment Stations 

• Apjencies man^f^ing iar^^e water reservoirs 
* TOPOGRAPHY 

Topographic maph and aerial photographs can provide much of the information 
needed to analyze the tofK>^raphy* Topographic maps are most widely available 
from the U.S. Geological Survey in 7.5- and 15-nilnute quadrangles. Aerial 
photographs* when lhe> t-xist* may be located by contacting the following sources; 
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# U.S, Department of Agriculture, Commodity Stabilization program 

• Ijoual or county planning departments 

• U-S, Corps of Engineers offices 

♦ Private photogrammetry and mapping companies 
SOIL CHARACTERISTICS 

Consultation with the Soil Conservation Service (U,S, Department of 
Agriculture) to obtain information on soil characteristics is hi^y recom-- 
mended- SCS offices exist in most counties; however, each county office does 
not necessarilj have a soil scientist. The state soil scientists should therefore 
be contacted- Additionally, SCS has published many soil maps with descriptions 
of soil characteristics to a depth of 5 feet. These descriptions include ground- 
Siopes, existing land use, erosion potential, and surface drainage, which are also 
important Considerations, Agricultural Extension Service representatives, con* 
suiting soil scientists, or agronomists may have additional information on soil 
characteristics, 

GEOLOGIC FORMATIONS 

The U,S, Geological Service is the primary source of data on geological forma- 
tions* Geologic maps and investigative reports are available for many areas. 
State mine and g^^ology agencies may also have information on geologic forma- 
tions in terms of maps or reports. 

GROUNDWATER 

Data on groundwater may come from a number of different sources, such as 
state water resource agencies^ the U,S, Geological Service, local or county 
water conservation districts, dpd user£> of groundwater {municipalities, water 
companies, and Individuals), 

receivikg water 

The U.S. Geological Service has monitoring gages on most large streams and 
many small ones. In addition to this flow data, data on temperature and mineral 
quality are collected. The EPA has a computer storage system (called STORET) 
that contains a great deal of water-quality data from one-time studies and con- 
tinuous monitoring by federal, state, and local agencies* STORJ^T output can 
be obtained at Regional EPA offices, "| 



1S7 



Api^endix G 



COST-EFFECTIVENESS ANALYSIS GUIDELINES 
(40 CFE 35 - Appendix A) 

Titfe 40 — Protection ot the Environment 

CHAPTEfl [—ENVIRONMENTAL 
f^OTECnON AGENCY 
SUDCHAt^ER D^RAKTS 

PART 35— STATE AND LOCAL 
ASSISTANCE 

Appendix A— *^ost'£f^ectiveness Anatysts 

On July 3. 1973, notice wa£ published 
in the Federal HccisxEit that the En- 
vironmental Protection Agency was pro- 
posing guidellhea on^ cost-effectiveness 
analysis pursuant to section 212(2X0 of 
the Federal Water Pollution Act Amend- 
ments of 1972 (the Acl> to be published 
as appendix A to 40 CFB part 35, 

Written cornments nn the proposed 
rulemaking were invited and received 
from Interested parties. The Environ- 
mental Protection Agency has carefully 
considered all commertts received. No 
changes were made in the guidelines as 
earlier proposed, AU written comments 
are on file with the agency. 

Effective da(e,— These regulations shall 
become effective October 10, 1973. 
Dated September 4, 1973, 

John Quarles, 
ActW Administrator. 

menc manag^mant system will hv requirtid f^i 
perform n function uTilch I& iiec*ss^ to 
the system's o|rt*^tion. 

e Id^nti/lwion, stttcttcn and icrtenitig 
of uittmattv^s^iW Idtnii/^<^<ttion of atttr- 
n<tttves. — AU feasible alternative waste mfltn- 
ftgoment syftems stiall be Initially Identified 
Tbcse alternatives should include syslems 
dtsobfkrglng to rc»?lving ^vnters. sysume 
(ising land or subsurface disposal technlquee. 
ftQ<l ^ystetns employing the reuse of ^ftste- 
w^ter. In Identtfylns alternatives^ the possi- 
bility of staged development of the system 
shall be considered. 

12) S<^T€cning of ttUtmativcy^Thc Iden- 
tincd ftlterimtive^ sh^U be systemntlci^lly 
screened to deAine thoto capable of meeting 
tho (Lpplkabie FK^deral, Stfit«. and local 
crlterl* 

f3) Sf't^tion of attf^matiic^ — Th* 
t»(^feened alternatives shall be Initially ana^ 
lyied to determine which aystoms have co3»,- 
effcctlve potential and whirh should be fiilJv 
evaluated arcoMliig to the rost-(»fTeftlv«iefi<i 
ani^lysl^ proc^durea catabll^bed m the^^ 
CnideUnea 

(4) Bttent of ejjort — Thf^ extent of effort 
and the levM of sophistication used lo the 
eo^t" effect Iven^E^ analysis should reflect the 
and Importance of the pro^ea 
f Co^t^Bffec^tUC anatm^ procCdurfi - 
Mr^h*^ of Anatt/^i^ - The resources oo^U 
&hail bo evaluated tbrouc^h the ^f fippor^ 
tunlty costs Tor those resouroea that can be 
eicpres^d In monf^tary terms, the imcr^al 
idl6Connt) rat^ e'^tabUshcd In section (f>(5> 
will be used Monetary costs shall be calcu- 
lated In terms of present worth values or 
ei{tilvazent am iti l valutas over the planning 
pertM a4 defines In Miction it}i2j. Kon- 
nion^tarv faot<^rA (eg. itoelal and environ- 
menraU ahalt be jct^ountcd tor <te>crlptiveiy 
In the &r^alVfij£ in order to det^Jrmlne their 
sl(iiLin^nnce iind Impact 
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COST LfFECTIVKNESS AWALV&lS CtriDEl^WEft 

fl, Ft(rpos^ —These guidelines provide a 
b**tc methodology for deternitning the most 
cost-effective waste treatment managem^jjt 
system or the mo$t cost-effeetlve component 
part of any waste treatment management 
system. 

b Aathorm -'The guWellnes contained 
herein are pro\lded pursuant to seetion 212 
(2) (C) of the Federal Water Pollution Con- 
trol Act Amendments of m2 Ithe Aet). 

e. Appfic^jbiJitj^ — These guldeUnes apply 
to the development of plans for and the 
selection of companent parta of a wa^te 
treatment inanaReJuent system for whieh a 
Federal grant Is awarded under 40 CFH, 
Part 35 

d. Definitions ^Definitions of terms used 
In thesv guldf-llnes are as follows^ 

(1) Wa3i^ treatment rnanngement 
tftn— A system u&jd to restore the Integrity 
of the Nations Wftters. Waste treatment 
managem(»nt system xiv&d JJynonymouiiy 
with ''treatment works" as defihed in 40 
CFB, Part 36flOS-l5 

(2) CoH't^fcthCnc^^ an^JySlJ— An anaiv 
sig performed to determine which waste 
treatment manaKcmetit system or oompo- 
nent port thereof wtU result in the minimum 
total resources eoatit over time to nie<it th^^ 
federal, state or local requirements 

(3) Planning period —The period over 
wlUch a waste treatm(»nt manapeinent sv^* 
tetft Is evaluated for t'ost-effectivenejta rtit* 
planning period commences wUh the mitlai 
operation of the system 

(4> I'^tAce li/c— The period o* time dxir« 
Ing which a component of a iJia.ste tr^jit'- 
ment manaeement system will he capable of 
performing a funetl^^n 

ffi) V^ifnl li/*-— The p^'rlod of rime dur- 
ing J»rhlch a componei^it of a wft^te trt^at- 



The moat coatH^fftfctlTv alt<»>ii«tJT» aball i)^ 
the w«ittt4 tT«fttineitt mantg«mfttit ftyjtem 
detannltied Ttom ibd au^jals to thd 
lovroat preoant wctth emd/or equlTaleut oa- 
nxul Tftlu^ without ov«ittaiiig Advor0« tu>ti- 
monetory cotAA to renll^ t^t Identi- 
cal minimum bencUta ixx ttima of ^ppUcftblo 
Federal* 6tat4* and locftt otandardB for ef- 
fluetnt quality* watar qutUltr* wibt«r reueo 
bnd/or land And «ubsurfftc« dUpooal, 

i^) Ptan-ning pvriod^Th^jiieima^tigpwXoA 
for tbe cO0t*effecttv<ti«(U analyBts shaU ^ 30 
yeaia. 

(?) £lent«nt» Of 0031,-1110 coota to bo 
cooaldored shall ind^ido the total valUM Of 
the resources attrlbutAblo to tho ^t4 treftt- 
iiient ittat>agomout system or to one of Ita 
compooent {Mito. detormltio these valueo* 
■lit moolcA oecGssATy for oaplUd conBtruotlon 
^oata operation and maintonance C04t!t 
&hall be Identified, 

Capital con5truGtlon coats used in a cost- 
cffecUveness analyala «hall UuUud^ all con- 
tractors' coete oJ construction Including over- 
head and proUt; coota of lan<l, relocation, and 
rlght-of-wa? and comment ao^ul^ltlon: 
design engineering, field exploration, and en- 
gineering serrlcca durtng construction: ad- 
ministrative and legal services Including 
costd of bond ^es; startup costs auch as op- 
erator training; amP^ntecest during con- 
struction. Contingency allowa'noee consistent 
with the lovel of complexity ^^nd detail of the 
cost estimates shall bo fncluded* 

Ai -lual costs for operation and malnto- 
nanc» (including routine replftocment of 
equipment and equipment parts) shall bo 
Included In the coe^-ejrectlvene$$ analysis 
TTiess costs shall ^ adequate to ensure ef- 
fective and dependable Operation during the 
planning period for the sT^tem. Annual cost^ 
shall bo divided between fixed annua] costs 
and costs v^hlch would bo dependent on tho 
ftni.ual q^jantlty of w*i*iCwfttj*r roJierted and 
treated. 

(4) P>W>— The various components of 
oost shall be calculated on the basis of mar- 
ket prices prevailing at the time of the^ cost- 
cfTect eness analysts Inflation of waftcs and 
pilccA shall not be considered In iho an^ry^is 
The Implied assumption Is that all prices 
involved will tend to eh xnge over time by 
approximately tho same pereeutaE^^ Thus, 
the results of the cost eflfectlvenoss analysis 
will not be alf^ted hy changes In the gen^ 
oral level of prices 

Exceptions to the foregoing can be mad« 
If thctr IS justification fer expecting signifi- 
cant changes In tho relative prices o^ certain 
itemn during the planning period If such 
cases are Identified* the expected change in 
thes« prices should be made to reflect thoir 
future relative deviation from tho general 
price level. 

(S> ^nicfeH (discottnt) >a^f — A rate of *J 
percent per ycnr will bo used tor tho co^t- 
effectlvencss analysis until tho promulgation 
of the Water Resources Ceuneirs "Proposed 
Pfinelpiea and Standards for Planning Water 
and Related Land R«-sottrces '* After Promul- 
gation of the tibove regulation, the rate 
established for water re&ourc<^ project;! aiiaii 
be used for tho cost -effective nesa analyj^la 

(G) tnUfett dttrtn9 conttfuf'tiiyn - fn ea-^^^ 
wJIkcro capital expenditures can be expected 
to bo fairly uniform during the construction 
perUKl^ interest dtirtng corstructton may be 
calculated ae lyiy^ py.C where 



I^tho Interest (discount) rato In 8eetlon 

P=tho construction period in year^. 
Cj=tho total capital expondltxuros. 

In oases when expenditures win tiot be 
uniform, or when tho constirtiotlon poHod 
will be gr^atsr than throe years, intore^t dur- 
ing construction shall be caleulatod on a 
year -b7 -year basis, 

(7) Service Hfe.—Th^ fiervloo Itf^ of treat- 
mont worka for a ooot-e^octfveness fljoaiytitt 
shall be aa fdtowa: 

Land ................... Ponnanent 

Structxu^ — 3<^S0 yeai^ 

(indudos plant buildings^ 

concrete process tankage, 

basins* eto,i sewago cc^ec* 

ttoa and conveyanoo pipe- 
lines: lift station etrue- 

ttu:«s; tujineU: outfalle) 
Process equipment 15-30 ytwt 

{Includes major proceea 

equipmetit such as clamor 

mechanism, vacu^un mtcfs* 

etc.: steel process tankago 

and chemical atora^e facill* 

ties: electrical gev stlntbr 

facUltlea on standby eervloo 

only). 

Auxiliary equipment— 10-15 yean 

<lnclude« Instnunonte and 
control facUlUea; aowage 
pumps and eiectno motors; 
mec ^leal equipment snob 
as compressors, aeration 3?s- 
tems, centrifuges* eblorl- 
nators* etc,: electrical gen- 
eraUng facilttlcs on regular 
service) , 

Other service life periods will be acceptable 
when f^umeletit J stlUcatloti can be provided. 

Where a system or a component is for 
!nte^-in service and the anticipated useful 
life Is lesa than the service llfei the useful 
life shall bo substituted for tho service life of 
the facility In the analysis. 

i&) Salvage voIttGn'-^Land for treaunent 
«ork3^ Including land used aa part of the 
treatment process or for ultimate dlspteat of 
residues, shall bo assumtKl to have a salvage 
^alue at the end of the p anning period equal 
to Ita prevailing market value at the time of 
the analysis. Rlght-of*way easemonta sl^l 
be considered to have a salvage value oot 
greater than tho prevailing market value at 
the time of the analysis. 

Structures will ^ assumed to have a 
salvage vaUie If there Is a use for such struc- 
tures at the end of the planning period In 
thts case, salvage value shall be eottmated 
uatng stralghtltiie depreciation during the 
service llfo of the treatment works. 

For phased additions of process equipment 
and auxiliary equipment, aotvage value at Uio 
ond of the pianniivg period may be «etlmat«d 
under tho same condlUoris f^'X on the same 
basis as described above ' >tructurcSi 

When the atitlcipate<' ^u| life of a facil- 
ity la less than 20 yeasa uor ai:>alysit of in- 
terim facilities^* salvage value con be claimed 
for equipment where It can be dearly d*m- 
Dtkstrated that a specific market or retiso 
opportunity will exist* 

[FR Doc 73-10101 F)lOd*"7-13,8 45 ami 
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